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Summary
The t r a n s i t i o n  b e t w e e n  t h e  a e r o b i c  an d  a n a e r o b i c  p a t h w a y s  o f  
g l u c o s e  m e t a b o l i s m  i n  T ry p a n o s o m a  b r u c e i  was i n v e s t i g a t e d .  I t  was 
fo u n d  t h a t  t h e  a n a e r o b i c  p a t h w a y  i s  i n o p e r a t i v e  u n d e r  t h e  ox y g en  
t e n s i o n s  o f  t h e  mammal ian  b l o o d s t r e a m  b u t  may o p e r a t e  i n  t h e  
c e r e b r o s p i n a l  f l u i d  o r  a t  t h e  s i t e  o f  i n f l a m m a t i o n .
A scheme was d e v i s e d  f o r  t h e  p u r i f i c a t i o n  o f  t h e  enzyme
a - g l y c e r o p h o s p h a t e  d e h y d r o g e n a s e  (a-GPDH, EC 1 . 1 . 1 . 8 )  f rom T. b r u c e i  
an d  k i n e t i c  s t u d i e s  c a r r i e d  o u t  upon t h e  p u r e  enzyme e x t r a c t .  I t  was 
e s t a b l i s h e d  t h a t  t h e  enzyme h a s  a  c o r a p u l s o r y - o r d e r  m ech an i sm  w i t h  NADH 
b i n d i n g  t o  t h e  enzyme f i r s t  an d  NAD+ b e i n g  r e l e a s e d  l a s t .  K i n e t i c  
c o n s t a n t s  o f  t h e  enzyme i n  t h e  a b s e n c e  an d  i n  t h e  p r e s e n c e  o f  p r o d u c t  
i n h i b i t o r s  w e r e  d e t e r m i n e d .  C a l c u l a t i o n s  show t h a t  i n  t h e  p r e s e n c e  o f  
t h e  p r o d u c t s  a -G P  a n d  NAD+ a t  t h e  c o n c e n t r a t i o n s  p u r p o r t e d  t o  e x i s t  i n
t h e  g l y c o s o m e ,  a-GPDH i s  a b l e  t o  m a i n t a i n  t h e  o v e r a l l  g l y c o l y t i c  f l u x
i n  T. b r u c e i .
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1CHAPTER 1: INTRODUCTION
1 . 1 :  The m e d i c a l  an d  e c o n o m ic  i m p o r t a n c e  o f  T ry p a n o s o m a  b r u c e i
P e r h a p s  one o f  t h e  b e s t - s t u d i e d  p a r a s i t i c  p r o t o z o a  o f  t h e  l a s t  
d e c a d e  h a s  b e e n ,  i n d e e d  s t i l l  i s ,  t h e  s a l i v a r i a n  t r y p a n o s o m e  
Try p a n o so m a  b r u c e i  b r u c e i , an d  i t  i s  t h i s  o r g a n i s m  on w h i c h  t h e  w o rk  
r e p o r t e d  h e r e  h a s  b e e n  c a r r i e d  o u t .  S i n c e  T.  b .  b r u c e i  i s  a 
c a u s a t i v e  a g e n t  o n l y  o f  n a g a n a ,  a  b o v i n e  d i s e a s e  f o u n d  p r i m a r i l y  i n  
A f r i c a ,  s u c h  i n t e n s e  i n t e r e s t  may seem i n e x p l i c a b l e  u n t i l  i t  i s  
r e a l i s e d  t h a t  T.  b .  b r u c e i  i s  b o t h  m o r p h o l o g i c a l l y  a n d  b i o c h e m i c a l l y  
i n d i s t i n g u i s h a b l e  f rom s e v e r a l  o t h e r  members o f  t h e  s u b g e n u s  
T r y p a n o z o o n  ( H o a r e ,  1 9 6 4 ) .  T h e s e  o t h e r  m em bers ,  T ry p a n o s o m a  b r u c e i  
r h o d e s i e n s e  a n d  T ry p a n o s o m a  b r u c e i  g a m b i e n s e  a r e  t h e  t r y p a n o s o m e s  
w h i c h  i n  man c a u s e  a c u t e  an d  c h r o n i c  A f r i c a n  s l e e p i n g  s i c k n e s s  
r e s p e c t i v e l y .  A co m p o n en t  o f  human s e r u m ,  t h o u g h t  t o  be  a 
h i g h - d e n s i t y  l i p o p r o t e i n  ( R i f k i n ,  1 9 7 8 ) ,  b r i n g s  a b o u t  t h e  l y s i s  o f  T.  
b.  b r u c e i  b u t  n o t  T.  b .  r h o d e s i e n s e  o r  T.  b.  g a m b i e n s e  a n d  t h e
f o r m e r  i s  t h e r e f o r e  p r e f e r r e d  f o r  s a f e  e x p e r i m e n t a l  w o rk .  D u r i n g  t h i s
w o r k ,  t h e  t e r m  T ry p a n o s o m a  b r u c e i  w i l l  be  u s e d  t o  r e f e r  t o  t h e  member s
o f  t h e  T.  b .  b r u c e i - r h o d e s i e n s e - g a m b i e n s e  co m plex  c o l l e c t i v e l y .
T ry p a n o s o m a  b r u c e i  b r u c e i  i s  i n  f a c t  an  e x t r e m e l y  i m p o r t a n t  
p a r a s i t e  i n  i t s  own r i g h t ,  n a g a n a  d e n y i n g  t h e  u s e  o f  up t o  t e n  m i l l i o n  
s q u a r e  k i l o m e t r e s  o f  g r a z i n g  l a n d  i n  A f r i c a .  T h i s  l a n d  c o u l d  s u p p o r t  
a t  l e a s t  140 m i l l i o n  h e a d  o f  c a t t l e  w h i l e  o n l y  20 m i l l i o n  a r e  a c t u a l l y  
g r a z e d  t h e r e  (M olyneux  a n d  A s h f o r d ,  198 3)  an d  o f  t h e s e  o v e r  t h r e e  
m i l l i o n  d i e  e a c h  y e a r  ( F a i r l a m b ,  1 9 8 2 ) .  E x t r a  c a t t l e  p r o d u c t i o n  w o u ld
2n o t  o n l y  y i e l d  food  s u p p l i e s  b u t  w o u ld  a l s o  i n c r e a s e  t h e  n i t r o g e n o u s  
c o n t e n t  o f  t h e  s o i l  an d  make a v a i l a b l e  more  d r a u g h t  a n i m a l s .  Human 
s u f f e r i n g  i n  t h e  a f f e c t e d  a r e a s  i s  e x a c e r b a t e d  by t h e  s e v e r e  s h o r t a g e  
o f  b o t h  m e a t  an d  d a i r y  p r o d u c e ,  r e s u l t i n g  i n  m a l n u t r i t i o n  an d  
i n c r e a s e d  s u s c e p t i b i l i t y  t o  d i s e a s e s ,  n o t  l e a s t  among w h i c h  a r e  t h e  
human t r y p a n o s o m i a s e s .
1 . 2 :  The c l a s s i f i c a t i o n  o f  t r y p a n o s o m e s  a n d  t h e  d i s e a s e s  t h e y  c a u s e
T r y p a n o s o m e s  may be c l a s s i f i e d  a s  shown i n  F i g u r e  1 a n d  t h e  
g en u s  T ry p a n o s o m a  c o n v e n i e n t l y  f u r t h e r  s u b d i v i d e d  i n t o  s a l i v a r i a n  a n d  
s t e r c o r a r i a n  t r y p a n o s o m e s  a c c o r d i n g  t o  t h e  mode o f  t r a n s m i s s i o n  by t h e  
i n s e c t  v e c t o r .  The m o s t  i m p o r t a n t  s t e r c o r a r i a n  t r y p a n o s o m e  i s  t h e  
S o u t h  A m e r i c a n  s p e c i e s  T.  c r u z i , t h e  c a u s a t i v e  a g e n t  o f  C h a g a s '  
d i s e a s e .  T y p i c a l  o f  s t e r c o r a r i a n  t r y p a n o s o m e s ,  T.  c r u z i  d i v i d e s  i n  
t h e  h i n d - g u t  o f  t h e  v e c t o r ,  u s u a l l y  t h e  r e d u v i i d  ( t r i a t o m i d )  b u g ,  a n d  
t h e n  e n t e r s  t h e  human h o s t  i n  t h e  f a e c e s  o f  t h e  v e c t o r  t h r o u g h  
a b r a s i o n s  on t h e  s k i n  o r  v i a  t h e  i n t e r n a l  m ucosa  f o l l o w i n g  i n g e s t i o n .  
A l t h o u g h  t h e  i n c i d e n c e  o f  C h a g a s '  d i s e a s e  i s  r e s t r i c t e d  t o  C e n t r a l  a n d  
S o u t h  A m e r ic a  t h e  W o r ld  H e a l t h  A u t h o r i t y  h a s  e s t i m a t e d  t h a t  i n  1980 
some 35 m i l l i o n  p e o p l e  w e r e  e x p o s e d  t o  i n f e c t i o n  an d  b e t w e e n  13 a n d  14 
m i l l i o n  a c t u a l l y  i n f e c t e d  (M olyn eux a n d  A s h f o r d ,  1 9 8 3 ) .  Even 
u n t r e a t e d ,  C h a g a s '  d i s e a s e  i s  n o t  i n e v i t a b l y  f a t a l  a l t h o u g h  y oung  
c h i l d r e n  o f t e n  d i e  d u r i n g  t h e  i n i t i a l  f e b r i l e  s t a g e s  ( F a i r l a m b ,  1 9 8 2 ) ,  
w h i l e  a d u l t s  a r e  m ore  l i k e l y  t o  s u r v i v e  t o  t h e  n o n - s y m p t o m a t i c  l a t e n t  
s t a g e  w h i c h  may l a s t  i n d e f i n i t e l y .  Up t o  20% o f  p a t i e n t s  w i l l  d e v e l o p  
t h e  f i n a l ,  c h r o n i c  p h a s e  o f  t h e  d i s e a s e  h o w e v e r ,  when t r y p a n o s o m a l
F i g u r e  1:  The c l a s s i f i c a t i o n  o f  T ry p an o so m a  b r u c e i  ( a f t e r  Cox,  1982; 
M o lyneux  a n d  A s h f o r d ,  1983)
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GENUS; Trypanosoma 
SECTION; Salivaria 
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4a n t i g e n s  a t t a c h  t o  t h e  s u r f a c e  o f  b o t h  i n f e c t e d  an d  u n i n f e c t e d  c e l l s ,  
p a r t i c u l a r l y  t h o s e  o f  t h e  e n d o c a r d i u m ,  s t i m u l a t i n g  a t t a c k  by t h e  
immune s y s t e m  o f  t h e  h o s t .  The i n i t i a l  i n t e r a c t i o n  b e t w e e n  p a r a s i t e  
an d  t h e  t a r g e t  c e l l s  o f  t h e  h o s t  c a r d i o v a s c u l a r  s y s t e m  may be  due t o  
t h e  r e m o v a l  o f  s i a l i c  a c i d  f rom t h e s e  c e l l s  by a  n e u r a m i n i d a s e  o f  
t r y p a n o s o m a l  o r i g i n  ( L i b b y  e t  a l . , 1 9 8 6 ) .  The d i s e a s e  h a s  t h e n  become 
au to im m u n e  a n d  95% o f  p a t i e n t s  p o s s e s s  an  a n t i b o d y  w h i c h  r e a c t s  w i t h  
human h e a r t  m u s c l e  an d  l e a d s  t o  t h e  m o s t  common c a u s e  o f  d e a t h  f rom 
C h a g a s '  d i s e a s e ,  c o n g e s t i v e  h e a r t  f a i l u r e  (B ore ham ,  1 9 7 9 ) .  T h e r e  a r e  
no s a t i s f a c t o r y  d r u g s  c u r r e n t l y  a v a i l a b l e  f o r  p r o p h y l a c t i c  u s e  a g a i n s t  
C h a g a s '  d i s e a s e  a l t h o u g h  two ,  a  5 - n i t r o f u r a n  d e r i v a t i v e  ( N i f u r t i m o x ,  
B a y e r  2 5 0 2 )  an d  a  2 - n i t r o i m i d a z o l e  ( B e n z n i d a z o l e ,  R a d a n i l )  a r e  u s e d  t o  
t r e a t  b o t h  a c u t e  an d  c h r o n i c  p h a s e s  ( G u t t e r i d g e ,  1 9 8 5 ) .  T h e s e  d r u g s  
h a v e  s u c h  s e v e r e  s i d e - e f f e c t s  h o w e v e r  t h a t  t h e  f u l l  recommended c o u r s e  
i s  r a r e l y  c o m p l e t e d .  The d e v e l o p m e n t  o f  more  a c c e p t a b l e  a l t e r n a t i v e s  
h a s  b ee n  h a m p e r e d  by t h e  d i s c o v e r y  t h a t  t h e  m o s t  p r o m i s i n g  
n i t r o - c o m p o u n d s  show i n h e r e n t  c a r c i n o g e n i c  a n d  m u t a g e n i c  p r o p e r t i e s  
(M olyneu x  a n d  A s h f o r d ,  1 9 8 3 ) .  A v a c c i n e  a g a i n s t  T.  c r u z i  i s  by no 
means  a n  i m p o s s i b i l i t y  a n d  r e s e a r c h  c o n t i n u e s  i n t o  a l l  a s p e c t s  o f  b o t h  
t h e  p r e v e n t i o n  a n d  t r e a t m e n t  o f  t h i s  i m p o r t a n t  d i s e a s e .
T h a t  t h i s  r e s e a r c h  u n f o r t u n a t e l y  c a n n o t  be  a p p l i e d  t o  t h e  human 
A f r i c a n  t r y p a n o s o m i a s e s ,  known c o l l e c t i v e l y  a s  A f r i c a n  s l e e p i n g  
s i c k n e s s ,  i s  due  t o  t h e  f a c t  t h a t  t h e y  b e a r  l i t t l e  r e s e m b l a n c e  t o  
C h a g a s '  d i s e a s e  i n  an y  r e s p e c t  o t h e r  t h a n  t h e  g e n u s  o f  t h e i r  c a u s a t i v e  
a g e n t s .  The p r o t o z o a  w h i c h  c a u s e  A f r i c a n  s l e e p i n g  s i c k n e s s  a r e  
members  o f  t h e  s u b g e n u s  T r y p a n o z o o n  an d  a r e  c l a s s i f i e d  a s  s a l i v a r i a n  
a s  t h e y  d e v e l o p  i n  t h e  p r o b o s c i s  o r  s a l i v a r y  g l a n d s  o f  t h e  i n s e c t
5v e c t o r ,  b e i n g  t h e n  t r a n s m i t t e d  by an  i n o c u l a t i v e  m e th o d  d u r i n g  f e e d i n g  
( Smyth ,  1 9 7 6 ) .  I n  c o n t r a s t  t o  t h e  S o u t h  A m e r ic a n  t r y p a n o s o m i a s i s ,  
A f r i c a n  s l e e p i n g  s i c k n e s s  i s  i n v a r i a b l y  f a t a l  i f  u n t r e a t e d  a l t h o u g h  
t h e  t i m e  t o  d e a t h  v a r i e s .  I n f e c t i o n  w i t h  T. b .  g a m b i e n s e  g i v e s  r i s e  
t o  a c h r o n i c  form o f  t h e  d i s e a s e ,  s u f f e r e d  p r i m a r i l y  by t h e  
i n h a b i t a n t s  o f  r i v e r i n e  a r e a s  o f  W es t  A f r i c a  ( F i g u r e  2 ) ,  i n  w h i c h  t h e  
t i m e  t o  d e a t h  may be  b e t w e e n  n i n e  m o n t h s  an d  t h r e e  y e a r s  o r  more  
( D o n a l d s o n ,  1 9 7 9 ) .  I n f e c t i o n  by T.  b .  r h o d e s i e n s e , o c c u r r i n g  m a i n l y  
i n  t h e  s a v a n n a h . o f  A f r i c a  , g i v e s  r i s e  t o  t h e  m ore  a c u t e  form o f  t h e  
d i s e a s e  w h i c h  may p r o v e  f a t a l  w i t h i n  s e v e r a l  m o n t h s  (M e s h n i c k ,  1 9 8 4 ) .  
Some 45 m i l l i o n  p e o p l e  a r e  e x p o s e d  t o  t h e  r i s k  o f  i n f e c t i o n  i n  A f r i c a  
an d  o f  t h e s e  b e t w e e n  t e n  a n d  2 0  t h o u s a n d  new c a s e s  a r e  r e c o r d e d  
a n n u a l l y  (G oodw in ,  1 9 8 5 ) .
The d i s t i n c t i o n  b e t w e e n  t h e  two fo rms  o f  A f r i c a n  s l e e p i n g  
s i c k n e s s  i s  o f t e n  d i f f i c u l t  t o  m ake .  I n  c a s e s  o f  c h r o n i c  A f r i c a n  
s l e e p i n g  s i c k n e s s  ( c a u s e d  by T. b .  g a m b i e n s e ) p a t h o l o g i c a l  c h a n g e s  
o c c u r  a t  t h e  s i t e  o f  i n j e c t i o n  o f  t h e  p a r a s i t e ,  i n  t h e  b l o o d s t r e a m ,  i n  
t h e  e x t r a v a s c u l a r  s p a c e s  o f  t h e  l y m p h a t i c  and c o n n e c t i v e  t i s s u e s  a n d  
o f  c e r t a i n  v i s c e r a l  o r g a n s  i n c l u d i n g  t h e  h e a r t  a n d ,  i n  t h e  l a t e r  
s t a g e s ,  i n  t h e  c e n t r a l  n e r v o u s  s y s t e m  (CNS) p a r t i c u l a r l y  t h e  b r a i n  an d  
s p i n a l  c o r d .  Th e p a t h o l o g y  o f  a c u t e  A f r i c a n  s l e e p i n g  s i c k n e s s  i s  v e r y  
s i m i l a r  b u t  t h e  l y m p h a t i c  g l a n d s  a r e  l e s s  commonly i n v o l v e d  a n d  d e a t h  
o f t e n  o c c u r s  b e f o r e  t h e  CNS i n v o l v e m e n t  i s  a s  a d v a n c e d  a s  i n  t h e  
c h r o n i c  form o f  t h e  d i s e a s e .  I n  t h e  a c u t e  form h o w e v e r ,  t h e  l e s i o n s  
o f  t h e  h e a r t  a r e  m o re  f r e q u e n t  an d  m o re  s e v e r e  t h a n  i n  t h e  c h r o n i c  
form ( D o n a l d s o n ,  1 9 7 9 ) .  The a c t u a l  m eans  by w h i c h  t r y p a n o s o m i a s i s  
c a u s e s  d e a t h  i s  s t i l l  u n c e r t a i n  ( M a r k e l l  a n d  Voge,  1 981)  b u t  i t  i s
F i g u r e  2:  The g e o g r a p h i c a l  d i s t r i b u t i o n  o f  t h e  o c c u r r e n c e  o f  s l e e p i n g  
s i c k n e s s  i n  A f r i c a .  The s o l i d  d o t s  i n d i c a t e  a r e a s  o f  T.  b .  
r h o d e s i e n s e  e n d e m i c i t y .  The o p en  a r e a s  a r e  T. b .  g a m b i e n s e  
f o c i  w h i c h  h a v e  a  h i g h e r  l e v e l  o f  e n d e m i c i t y  an d  f rom w h i c h  
e p i d e m i c s  a r i s e  (M olyneu x  a n d  A s h f o r d ,  1983)
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7known t h a t  t h e  p a r a s i t e s  h a v e  an  i m m u n o s u p p r e s s i v e  a c t i o n  o f t e n  
l e a d i n g  t o  s e c o n d a r y  i n f e c t i o n s  s u c h  a s  p n e u m o n ia ,  a  f r e q u e n t  c a u s e  o f  
d e a t h  (M o ly n e u x  a n d  A s h f o r d ,  1 9 8 3 ) .
C h r o n i c  A f r i c a n  s l e e p i n g  s i c k n e s s  r e s u l t s  f rom t h e  b i t e  o f  a n  
i n f e c t e d  t s e t s e  f l y  u s u a l l y  o f  t h e  G l o s s i n a  p a l p a l  i s  g r o u p ,  a n d  i s  
t h o u g h t  t o  h a v e  a  m a n - f l y - m a n  c y c l e ,  w h i l e  a c u t e  A f r i c a n  s l e e p i n g  
s i c k n e s s  i s  u s u a l l y  t r a n s m i t t e d  by t s e t s e  f l i e s  o f  t h e  G. m o r t i s a n s  
g r o u p  a n d  a  m a n - f l y - m a n  c y c l e  o f  i n f e c t i o n  i s  r a r e ,  c e r t a i n  game 
a n i m a l s  b e i n g  r e s e r v o i r s  o f  T.  b .  r h o d e s i e n s e  ( M a r k e l l  an d  Voge,
1 9 8 1 ) .
1 . 3 :  The v a r i a b l e  s u r f a c e  a n t i g e n
The d i a g n o s i s  o f  b o t h  fo rms  o f  t h e  d i s e a s e  i s  o f t e n  h a m p e r e d  by 
a c h a r a c t e r i s t i c  f l u c t u a t i n g  p a r a s i t a e m i a  w h i c h  means  t h a t  p a r a s i t e s  
a r e  o c c a s i o n a l l y  n o t  d e t e c t a b l e  i n  t h e  p e r i p h e r a l  b l o o d  i n  t h e  e a r l y  
s t a g e s  o f  t h e  d i s e a s e  ( F i g u r e  3 a ) .  T h i s  c y c l i c  p a r a s i t a e m i a  i s  due  t o  
t h e  a b i l i t y  o f  t r y p a n o s o m e s  o f  t h e  b r u c e i  s u b g r o u p  t o  u n d e r g o  
a n t i g e n i c  v a r i a t i o n ,  a r e s u l t  o f  t h e  p r e s e n c e  o f  t h e  s o - c a l l e d  
v a r i a b l e  s u r f a c e  a n t i g e n  (VSA) ( W h i t f i e l d , 1 9 7 9 ) .  The b l o o d s t r e a m  
fo rms  o f  T.  b r u c e i  a r e  c o m p l e t e l y  e n v e l o p e d  i n  a m o n o m o l e c u l a r  
g l y c o p r o t e i n  c o a t ,  12 t o  15nm t h i c k  ( V i c k e r m a n ,  1 969)  a n d  c o m p r i s i n g  
up t o  t e n  m i l l i o n  m o l e c u l e s  p e r  c e l l  ( W h i t f i e l d ,  1 9 7 9 ) ,  p r o d u c e d  w h i l e  
t h e  p a r a s i t e  o c c u p i e s  t h e  s a l i v a r y  g l a n d s  o f  t h e  t s e t s e  v e c t o r  
( V i c k e r m a n  e t  a l . , 1 9 8 0 )  ( F i g u r e  4 ) .  When t h e  t r y p a n o s o m e s  a r e  
i n j e c t e d  by t h e  f l y  i n t o  t h e  h o s t  t h e  m a j o r i t y  p o s s e s s  g l y c o p r o t e i n  
c o a t s  o f  a  s i n g l e  k i n d ,  t h e  h o m o ty p e .  A m i n o r i t y  o f  t h i s  p o p u l a t i o n
F i g u r e  3a:  The f l u c t u a t i n g  p a r a s i t a e m i a  i n  t h e  b l o o d  o f  a p a t i e n t  w i t h  
A f r i c a n  s l e e p i n g  s i c k n e s s  ( W a k e l i n ,  1984)
F i g u r e  3b:  The r o l e  o f  a n t i g e n i c  v a r i a t i o n  i n  t h e  r e l a p s i n g  i n f e c t i o n  
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F i g u r e  4 :  S t a g e s  i n  t h e  l i f e - c y c l e  o f  T r y p a n o s o m a  b r u c e i  s h o w i n g  t h e  
p r e s e n c e  o r  a b s e n c e  o f  a s u r f a c e  c o a t .  Forms w h i c h  p o s s e s s  
a s u r f a c e  c o a t  a r e  drawn w i t h  a t h i c k  o u t l i n e  ( a f t e r  
V i c k e r m a n ,  1969)
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h o w e v e r  d i s p l a y  v a r i a t i o n s  i n  t h e  p o l y p e p t i d e  p a r t  o f  t h e  g l y c o p r o t e i n  
g i v i n g  r i s e  t o  a n t i g e n i c a l l y - d i f f e r e n t  c o a t s  o r  h e t e r o t y p e s .  The 
immune s y s t e m  o f  t h e  h o s t  q u i c k l y  r e s p o n d s  by r a i s i n g  I g f l - t y p e  
a n t i b o d i e s  t o  t h e  h o m otype  ( P o l t e r a  1985;  V i c k e r m a n ,  1985 )  a n d  t h e  
p a r a s i t e s  a r e  d e s t r o y e d  by a g g l u t i n a t i o n  a n d  c o m p l e m e n t - m e d i a t e d  l y s i s  
(C ox,  1 9 8 2 ) .  The p a r a s i t e s  w h i c h  p o s s e s s  h e t e r o t y p i c a l  VSA's  a r e  n o t  
d e s t r o y e d  h o w e v e r  an d  s u r v i v e ,  t h o s e  w i t h  t h e  m o s t  common 
h e t e r o t y p i c a l  VSA t o  become t h e  n e x t  h om otype  a n d  s o  t h i s  c y c l e  i s  
r e p e a t e d  ( F i g u r e  3 a ) .  As new h e t e r o t y p e s  a r e  c o n s t a n t l y  b e i n g  
p r o d u c e d  t h e  p a r a s i t e  p o p u l a t i o n  i s  c o n t i n u a l l y  one  s t e p  a h e a d  o f  t h e  
immune s y s t e m  o f  t h e  h o s t  (Cox,  1 9 8 2 ) .  I t  h a s  r e c e n t l y  b e e n  e s t i m a t e d  
t h a t  a  s i n g l e  o r g a n i s m  p o s s e s s e s  b e t w e e n  s e v e r a l  h u n d r e d  a n d  a 
t h o u s a n d  g e n e s  e n c o d i n g  f o r  t h e  VSA, b e t w e e n  f i v e  an d  t e n  p e r  c e n t  o f  
t h e  t o t a l  g e n e t i c  c a p a c i t y  o f  t h e  t r y p a n o s o m e  ( D o n e l s o n  an d  T u r n e r ,  
1 9 8 5 ) .  S i n c e  t h e  d i s c o v e r y  o f  t h e  t r y p a n o s o m a l  VSA much r e s e a r c h  h a s  
b e e n  c a r r i e d  o u t  i n t o  i t s  s t r u c t u r e  an d  g e n e t i c  d e t e r m i n a t i o n  i n  t h e  
h o p e  t h a t  e v e n t u a l l y  a v a c c i n e  a g a i n s t  A f r i c a n  s l e e p i n g  s i c k n e s s  may 
be  d e v e l o p e d ,  p o s s i b l y  u s i n g  some c o n s t a n t  p a r t  o f  t h e  VSA m o l e c u l e  a s  
a n t i g e n .
As y e t  no  s u c h  r e s u l t s  h a v e  b e e n  o b t a i n e d  a l t h o u g h  t h e  s t r u c t u r e  
o f  t h e  VSA h a s  b e e n  e l u c i d a t e d  ( F i g u r e  5 ) .  The VSA i s  a  g l y c o p r o t e i n  
w i t h  a n  a p p r o x i m a t e  m o l e c u l a r  w e i g h t  o f  6 5 , 0 0 0  ( C r o s s  a n d  J o h n s o n ,  
1 9 7 6 ) .  E a c h  m o l e c u l e  c o n s i s t s  o f  a  s i n g l e  p o l y p e p t i d e  c h a i n  o f  
a p p r o x i m a t e l y  600 am ino  a c i d  r e s i d u e s  ( M a n s f i e l d ,  1 981)  w i t h  t h e r e  
b e i n g  p r o b a b l y  no more  t h a n  50% ho mology a t  t h e  C - t e r m i n a l  a n d  l i t t l e  
o r  n o n e  a t  t h e  e x t r e m e l y  v a r i a b l e  N - t e r m i n a l .  T h e r e  may be  some amino  
a c i d  h o m ology  i n  t h e  i n n e r  s e g m e n t  o f  t h e  m o l e c u l e ,  w h e r e  a  common
F i g u r e  5 :  S t r u c t u r a l  m ode l  o f  t h e  s u r f a c e  c o a t  (SC)  o f  T ry p a n o so m a  
b r u c e i . The g l y c o p r o t e i n  m o l e c u l e s  a r e  shown a t t a c h e d  t o  
t h e  o u t e r  s u r f a c e  o f  t h e  membrane (M). E ach  m o l e c u l e  h a s  a 
C - t e r m i n a l  do main  (A) w h i c h  c o n t a i n s  m o s t  o f  t h e  
c a r b o h y d r a t e  ( • • • )  a n d  a  somewhat c o n s e r v a t i v e  s t r u c u r e .  
The o u t e r  N - t e r m i n a l  domain  (B) i s  h i g h l y - v a r i a b l e  i n  am ino  
a c i d  s e q u e n c e  ( W h i t f i e l d ,  1 9 7 9 ) .
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s t r u c t u r e  may be a n t i c i p a t e d  f o r  t h e  r e g i o n  c o n c e r n e d  w i t h  a t t a c h m e n t  
o f  t h e  c o a t  m o l e c u l e  t o  t h e  t r y p a n o s o r a a l  p l a s m a  membrane o r  i n  r e g i o n s  
g o v e r n i n g  t h e  t h r e e - d i m e n s i o n a l  a r r a n g e m e n t  o f  t h e  m o l e c u l e  ( C r o s s  an d  
J o h n s o n ,  1 9 7 6 ) .  The means  o f  a t t a c h m e n t  o f  t h e  g l y c o p r o t e i n  m o l e c u l e  
t o  t h e  p l a s m a  membrane h a s  r e c e n t l y  b e e n  e l u c i d a t e d  by F e r g u s o n  e t  a l .  
( 1 9 8 5 ) ,  who s u g g e s t  t h a t  t h e  c a r b o x y l - t e r m i n a l  o f  t h e  p o l y p e p t i d e  i s  
c o v a l e n t l y - l i n k e d  t o  g l y c o s y l - s n - 1 , 2 - d i m y r i s t y l p h o s p h a t i d y l  i n o s i t o l  i n  
t h e  membrane,  a n d  t h a t  t h e  r e l e a s e  o f  t h e  c o a t  i s  c a t a l y s e d  by a n  
e n d o g e n e o u s  p h o s p h o l i p a s e  C.
A n o t h e r  p o t e n t i a l l y  i m p o r t a n t  d i s c o v e r y  h a s  b e e n  t h a t  t h e  
m e t a c y c l i c  form o f  t r y p a n o s o r a e ,  t h e  form i n j e c t e d  by t h e  v e c t o r  i n t o  
t h e  h o s t ,  shows on i t s  s u r f a c e  i n i t i a l l y  o n l y  a l i m i t e d  v a r i e t y  o f  
v a r i a b l e  s u r f a c e  a n t i g e n s ,  p e r h a p s  a  maximum o f  15 ( D o n e l s o n  an d  
T u r n e r ,  1 9 8 5 ) .  The a n t i g e n s  e x p r e s s e d  by t h e  s o - c a l l e d  m e t a c y c l i c  
g e n e s  a r e  e x p r e s s e d  f o r  o n l y  a s h o r t  t i m e  a f t e r  i n f e c t i o n ,  
a p p r o x i m a t e l y  f i v e  d a y s ,  a f t e r  w h i c h  t h e s e  p a r t i c u l a r  g e n e s  a r e  
" s w i t c h e d - o f f "  a n d  t h e  i n f e c t i o n  c o n t i n u e s  w i t h  t h e  n o rm a l  w i d e  r a n g e  
o f  a n t i g e n s .  C u r r e n t l y  t h e  o n l y  p o s s i b i l i t y  f o r  v a c c i n a t i o n  a g a i n s t  
t h e  A f r i c a n  t r y p a n o s o m i a s e s  seems t o  be  a g a i n s t  t h e  l i m i t e d  number  o f  
v a r i a b l e  s u r f a c e  a n t i g e n s  w h i c h  a r e  e x p r e s s e d  a t  t h e  b e g i n n i n g  o f  an  
i n f e c t i o n ,  a l t h o u g h  i t  h a s  b e e n  s u g g e s t e d  t h a t  s h o u l d  t h e s e  a n t i g e n s  
be  s u p p r e s s e d  a n o t h e r  s e t  w o u ld  so o n  r e p l a c e  them ( K o l a t a ,  1 9 8 4 ) .
1 . 4 :  C o n t r o l  o f  t h e  t s e t s e  v e c t o r
Thus  f a r  t h e n ,  an d  c e r t a i n l y  n o t  i n  t h e  s h o r t - t e r m  f u t u r e ,  t h e  
s p r e a d  o f  A f r i c a n  s l e e p i n g  s i c k n e s s  c a n n o t  be c o n t r o l l e d  by
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v a c c i n a t i o n  an d  c u r r e n t l y  t h e  m o s t  e f f e c t i v e  m e th o d  o f  c o n t r o l  o f  
t r y p a n o s o m i a s i s  i s  t h e  a v o i d a n c e  o f  t h e  t s e t s e  f l y  by one o f  two means  
(Molyneux a n d  A s h f o r d ,  1 9 8 3 ) .  The f i r s t ,  t h e  movement  o f  human 
p o p u l a t i o n s  t o  t s e t s e - f r e e  a r e a s ,  i s  e x p e n s i v e ,  d i s r u p t i v e  an d  
i n c o n v e n i e n t  an d  an y  s u c c e s s  i s  q u i c k l y  r e v e r s e d  by t h e  b re ak d o w n  o f  
s u r v e i l l a n c e  an d  d i a g n o s t i c  f a c i l i t i e s  b r o u g h t  a b o u t  by f r e q u e n t  c i v i l  
u n r e s t  i n  t h e  A f r i c a n  c o u n t r i e s  m o s t  a t  r i s k  (Goodwin,  1 9 8 5 ) .  The 
s e c o n d  m e t h o d  o f  r e d u c i n g  t s e t s e  f l y - m a n  c o n t a c t  i s  o b v i o u s l y  by 
c o n t r o l  o f  t h e  s i z e  an d  d i s t r i b u t i o n  o f  t h e  f l y  p o p u l a t i o n .  T h i s  
l a t t e r  m e t h o d  d e p e n d s  on a  v a r i e t y  o f  t e c h n i q u e s  i n c l u d i n g  a l t e r a t i o n  
o f  t h e  h a b i t a t ,  p e s t i c i d e  a p p l i c a t i o n ,  g e n e t i c  an d  b i o l o g i c a l  c o n t r o l ,  
t r a p s  and p h y s i o l o g i c a l  i n t e r f e r e n c e .  A l t e r a t i o n  o f  t h e  h a b i t a t  by 
c l e a r i n g  o f  t h e  b u s h  o r  s h o o t i n g  r e s e r v o i r  game a n i m a l s  i s  
u n a c c e p t a b l e  i n  t h e  i n t e r e s t s  o f  c o n s e r v a t i o n  a n d  i s  t h e r e f o r e  no 
l o n g e r  i n  common u s e  ( U k o l i ,  1 9 8 4 ) .  G e n e t i c  c o n t r o l  o f  t s e t s e  
p o p u l a t i o n s  i s  by t h e  r e l e a s e  o f  m a l e  i n s e c t s ,  s t e r i l i s e d  by c h e m i c a l s  
o r  i r r a d i a t i o n ,  i n  s u f f i c i e n t l y  l a r g e  numbers  t o  swamp t h e  n a t u r a l  
p o p u l a t i o n  o f  w i l d  m a l e s  ( J o r d a n ,  1 9 8 5 ) .  T h i s  i s  an  e x p e n s i v e  p r o c e s s  
w h ic h  may o n l y  p r o v e  u s e f u l  when u s e d  i n  c o n j u n c t i o n  w i t h  one o r  more  
o t h e r  m e t h o d s  o f  c o n t r o l ;  a l t h o u g h  i t  h a s  b e e n  u s e d  s u c c e s s f u l l y  t o  
e r a d i c a t e  t h e  screwworm ( C o c h i i o m y i a  h o m i n i v o r a x ) i n  t h e  s o u t h  e a s t e r n  
U n i t e d  S t a t e s ,  s i m i l a r  s u c c e s s  h a s  n o t  b e e n  a t t a i n e d  i n  t h e  s o u t h  
w e s t e r n  U n i t e d  S t a t e s  o r  n o r t h e r n  M e x i c o  w h e r e  t h e  i n f l u x  o f  new f l i e s  
from t h e  m ore  s o u t h e r l y  p a r t s  o f  M e x i c o  h a s  made c o m p l e t e  c o n t r o l  
i m p o s s i b l e .  S i m i l a r  d i f f i c u l t i e s  a r e  e a s y  t o  e n v i s a g e  i n  A f r i c a  
(M olyneux ,  1 9 8 2 ) .  B i o l o g i c a l  c o n t r o l ,  by means  o f  v e c t o r  p a t h o g e n s ,  
p a r a s i t e s  o r  p r e d a t o r s  ( J o r d a n ,  1985)  an d  p h y s i o l o g i c a l  i n t e r f e r e n c e
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by means  o f  i n s e c t  g r o w t h  r e g u l a t o r s  w h i c h  i n h i b i t  c h i t i n  s y n t h e s i s  
(M olyneux ,  198 2)  a r e  b o t h  t h e  s u b j e c t s  o f  c o n t i n u i n g  r e s e a r c h  an d  
o n g o i n g  f i e l d - t r i a l s . The u s e  o f  t r a p s  o f  v a r i o u s  t y p e s  h a s  become 
t h e  s u b j e c t  o f  much i n t e r e s t  w i t h  t h e  d e v e l o p m e n t  o f  t h e  b i c o n i c a l  
t r a p .  The o b j e c t i v e  o f  t h e  t r a p s  i s  t o  a t t r a c t  t s e t s e  f l i e s  t o  a 
l e t h a l  t a r g e t ,  a  t r a p  i m p r e g n a t e d  w i t h  a n  i n s e c t i c i d e  s u c h  a s  
d e l t a m e t h r i n ,  r a t h e r  t h a n  t o  r e l e a s e  t h e  i n s e c t i c i d e  i n t o  t h e  g e n e r a l  
e n v i r o n m e n t .
U n t i l  r e c e n t l y  t h e  a t t r a c t i o n  o f  t h e  t r a p s  h a s  b e e n  s o l e l y  on a 
v i s u a l  b a s i s ,  b u t  i t  h a s  b e e n  d i s c o v e r e d  t h a t  t h e  u s e  o f  p o w e r f u l  
o l f a c t o r y  a t t r a c t a n t s  c a n  e n h a n c e  t h e  c a t c h  o f  a t r a p  by up t o  t w e n t y  
t i m e s  ( J o r d a n ,  1 9 8 5 ) .  The f i r s t  a t t r a c t a n t  t o  be  i d e n t i f i e d  was a 
com ponen t  o f  ox b r e a t h ,  b u t  t h e  o b v i o u s  d i s a d v a n t a g e s  o f  i t s  u s e  h a v e  
l e d  t o  t h e  c u r r e n t  r e s e a r c h  i n t o  t h e  p r o d u c t i o n  o f  a  c o m p a r a b l e  
s y n t h e t i c  compound f o r  u s e  i n  b i c o n i c a l  t r a p s .  S h o u l d  a s u i t a b l e  
o d o u r  be  f o u n d ,  t h e  e s t i m a t e  t h a t  d e l t a m e t h r i n - i m p r e g n a t e d  b i c o n i c a l  
t r a p s  c o u l d  r e d u c e  G l o s s i n a  p o p u l a t i o n s  i n  r i v e r i n e  a r e a s  by o v e r  99% 
( L a v e i s s i e r e  an d  C o u r e t ,  1 9 8 0 )  may e a s i l y  become a r e a l i t y .  The 
i n c i d e n c e  o f  n a g a n a  c o u l d  be  r e d u c e d  by t h e  e x p l o i t a t i o n  o f  t h e  
t r y p a n o t o l e r a n c e  shown by some b r e e d s  o f  c a t t l e .  T h e s e  c a t t l e ,  
p r i m a r i l y  h u m p l e s s  t a u r i n e  b r e e d s ,  a r e  s m a l l e r  t h a n  t h e  more  
c o m m o n ly -k e p t  z e b u  an d  n o t  s u c h  p r o l i f i c  p r o d u c e r s  o f  m i l k .  I t  
r e m a i n s  f o r  l o n g - t e r m  b r e e d i n g  p rogrammes t o  co m b in e  t h e  m o s t  
d e s i r a b l e  c h a r a c t e r i s t i c s  o f  t h e  v a r i o u s  b r e e d s  (Molyneux  an d  A s h f o r d ,  
1 9 8 3 ) .
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1 . 5 :  A n t i - t r y p a n o s o m a l  d r u g s  c u r r e n t l y  i n  u s e
W h i l s t  t h e s e  m e t h o d s  o f  v e c t o r  e l i m i n a t i o n  a r e  u n d e r  
i n v e s t i g a t i o n  t h e  c o n t r o l  o f  A f r i c a n  s l e e p i n g  s i c k n e s s  f a l l s  t o  t h e  
u s e  o f  s u c h  d r u g s  a s  t h e r e  a r e .  The t h r e e  key  d r u g s  c u r r e n t l y  i n  u s e  
a r e  t h o s e  l i s t e d  a s  e s s e n t i a l  t r y p a n o c i d a l  d r u g s  by t h e  Wor ld  H e a l t h  
O r g a n i s a t i o n  i n  198 3.  T h e s e  d r u g s ,  a l l  i n t r o d u c e d  b e f o r e  1955 
( H o w e l l s ,  1 9 8 5 ) ,  a r e  p e n t a m i d i n e  f o r  c h e m o p r o p h y l a x i s ,  s u r a m i n  f o r  
t r e a t m e n t  o f  t h e  e a r l y  s t a g e s  o f  t h e  d i s e a s e  an d  m e l a r s o p r o l  f o r  t h e  
l a t e r  s t a g e s  when t h e r e  i s  CNS i n v o l v e m e n t  ( F i g u r e  6 ) .  As y e t  t h e r e  
i s  no d r u g  i n  r o u t i n e  u s e  f o r  t h e  p r e v e n t i o n  o f  t r a n s m i s s i o n  o f  
t r y p a n o s o m e s  d u r i n g  b l o o d  t r a n s f u s i o n .
P e n t a m i d i n e ,  a h i g h l y  p o s i t i v e l y - c h a r g e d  a r o m a t i c  d i a m i d i n e ,  i s  
t h e  p r e f e r r e d  a g e n t  f o r  t h e  p r o p h y l a x i s  o f  A f r i c a n  s l e e p i n g  s i c k n e s s  
an d  c a n  a l s o  be  u s e d  t h e r a p e u t i c a l l y  a g a i n s t  t h e  e a r l y  s t a g e s  o f  t h e  
c h r o n i c ,  a n d  t o  a l e s s e r  e x t e n t  t h e  a c u t e ,  form o f  t h e  d i s e a s e .  I t  i s  
u n a b l e  t o  c r o s s  t h e  b l o o d - b r a i n  b a r r i e r  an d  t h e r e f o r e  i n e f f e c t i v e  i n  
t h e  l a t e r  s t a g e s  when t h e r e  i s  CNS i n v o l v e m e n t .  The s e l e c t i v i t y  o f  
t h e  d r u g  b e t w e e n  h o s t  a n d  p a r a s i t e  seems t o  be due t o  t h e  p r e s e n c e  i n  
t h e  p a r a s i t e  o f  a  h i g h - a f f i n i t y , e n e r g y - r e q u i r i n g  t r a n s p o r t  s y s t e m  
(Damper an d  P a t t o n ,  1 976)  w h i c h  r a i s e s  t h e  i n t r a c e l l u l a r  c o n c e n t r a t i o n  
o f  p e n t a m i d i n e  t o  many t i m e s  t h e  c o n c e n t r a t i o n  i n  t h e  p l a s m a .  The 
mode o f  a c t i o n  o f  p e n t a m i d i n e  i s  n o t  y e t  f u l l y  r e s o l v e d  b u t  seems t o  
e x e r t  i t s  e f f e c t  on t h e  s y n t h e s i s  o f  d e o x y r i b o n u c l e i c  a c i d  (DNA), 
p r o b a b l y  b i n d i n g  t o  DNA by a n o n - i n t e r c a l a t i v e  m e ch a n i sm  by v i r t u e  o f  
i t s  p o s i t i v e  c h a r g e  a t  p h y s i o l o g i c a l  pH, w i t h  t h e  s y n t h e s i s  o f  t h e  
u n i q u e l y - t r y p a n o s o m a l  k i n e t o p l a s t  DNA a p p e a r i n g  t o  be p a r t i c u l a r l y
F i g u r e  6 :  Th e s t r u c t u r e s  o f  t h e  a n t i - t r y p a n o s o m a l  d r u g s  m o s t
co m m o n l y -u s e d  i n  t h e  t r e a t m e n t  o f  A f r i c a n  s l e e p i n g  s i c k n e s  
S t r u c t u r e  a  i s  t h a t  o f  S u r a m i n ,  s t r u c t u r e  b r e p r e s e n t s  
m e l a r s o p r o l  an d  s t r u c t u r e  c i s  p e n t a m i d i n e  ( G u t t e r i d g e ,  
1 9 8 5 ) .
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s e n s i t i v e  t o  d i s r u p t i o n  ( G u t t e r i d g e ,  1 9 8 5 ) .  The c o u r s e  o f  t r e a t m e n t  
i s  s h o r t ,  t h e  m o s t  s e r i o u s  s i d e - e f f e c t  when p e n t a m i d i n e  i s  g i v e n  
i n t r a m u s c u l a r l y  b e i n g  n e p h r o t o x i c i t y  ( M e s h n i k ,  1 9 8 4 ) ,  a l t h o u g h  more  
commonly h i s t a m i n e  i s  r e l e a s e d  l e a d i n g  t o  t e m p o r a r y  h y p o t e n s i o n  an d  
f a i n t n e s s  ( G u t t e r i d g e ,  1 9 8 5 ) .  Some p a r a s i t e  r e s i s t a n c e  t o  p e n t a m i d i n e  
i s  now b ecom ing  a p p a r e n t  ( R e e ,  1 9 8 5 )  b u t  i t  i s  t h e  i n a b i l i t y  o f  t h e  
d r u g  t o  t r a n s v e r s e  t h e  b l o o d - b r a i n  b a r r i e r  w h i c h  l i m i t s  i t s  
u s e f u l n e s s .
The h i g h l y - p o l a r  s u l p h a t e d - n a p h t h y l a m i n e  s u r a m i n  i s  s i m i l a r l y  
u n a b l e  t o  p e n e t r a t e  i n t o  t h e  c e r e b r o s p i n a l  f l u i d  ( M e s h n i k ,  1 984)  an d  
t h e r e f o r e  c a n  o n l y  be  u s e d  i n  t h e  e a r l y  s t a g e s  o f  e i t h e r  form o f  t h e  
d i s e a s e .  The d r u g  i s  a d m i n i s t e r e d  t o  t h e  p a t i e n t  i n t r a v e n o u s l y  an d  
s l o w l y  t a k e n  up by t h e  t r y p a n o s o m e  by e n d o c y t o s i s  i n  t h e  form o f  a 
p l a s m a - p r o t e i n - b o u n d  co m plex  ( G u t t e r i d g e ,  1 9 8 5 ) .  Once t h e  d r u g  i s  
w i t h i n  t h e  c e l l  t h e  r a t e s  o f  r e s p i r a t i o n  an d  g l y c o l y s i s  a r e  b o t h  
p r o g r e s s i v e l y  r e d u c e d  ( F a i r l a m b  a n d  Bowman, 1 9 8 0 b ) ,  s u r a m i n  b e i n g  a 
p o t e n t  i n h i b i t o r ,  c o m p e t i t i v e  w i t h  r e s p e c t  t o  a - g l y c e r o p h o s p h a t e ,  o f  
b o t h  enzymes i n v o l v e d  i n  t h e  r e o x i d a t i o n  o f  NADH by t h e  s o - c a l l e d  
a - g l y c e r o p h o s p h a t e  s h u t t l e  ( s e e  F i g u r e  7 ) .  W h i l s t  one o f  t h e s e  
en zy m es ,  a - g l y c e r o p h o s p h a t e  o x i d a s e ,  i s  fo u n d  i n  t h e  t r y p a n o s o m e  b u t  
n o t  t h e  mammalian  h o s t ,  t h e  o t h e r ,  NAD+- 1 i n k e d  a - g l y c e r o p h o s p h a t e  
d e h y d r o g e n a s e ,  i s  f o u n d  i n  b o t h  t r y p a n o s o m e  and mammalian  c e l l s  
a l t h o u g h  i n  a l e s s  i m p o r t a n t  r o l e  i n  t h e  l a t t e r  ( G u t t e r i d g e ,  1 9 8 5 ) .
The s e l e c t i v i t y  o f  s u r a m i n  i s  c o n s e q u e n t l y  n o t  e n t i r e l y  r e l i a b l e .
A p a r t  from t h e  i n a b i l i t y  o f  s u r a m i n  t o  p a s s  i n t o  t h e  c e r e b r o s p i n a l  
f l u i d ,  t h e  d r u g  h a s  a f u r t h e r  d i s a d v a n t a g e  i n  i t s  many s i d e - e f f e c t s  
w h ich  r a n g e  i n  s e v e r i t y  f rom i m m e d i a t e  n a u s e a  an d  c o l l a p s e  t o
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b l i n d n e s s  an d  r e n a l  f a i l u r e ,  o f t e n  f a t a l .
The t h i r d  t r y p a n o c i d a l  d r u g  i n  common u s e  i s  m e l a r s o p r o l ,  a n  
a r o m a t i c  a r s e n i c a l  w h i c h  c a n  r a p i d l y  c u r e  a l l  s t a g e s  o f  b o t h  t h e  a c u t e  
a n d  c h r o n i c  fo rms o f  A f r i c a n  s l e e p i n g  s i c k n e s s .  I n  h o m o g e n a t e s  o f  
t r y p a n o s o m e s  m e l a r s o p r o l  h a s  b e e n  shown t o  i n h i b i t  s e v e r a l  enzymes o f  
c a r b o h y d r a t e  m e t a b o l i s m  i n c l u d i n g  p y r u v a t e  k i n a s e  ( F l y n n  a n d  Bowman, 
1 9 7 4 ) ,  g l y c e r o l  k i n a s e  (Hammond an d  Bowman, 1 9 80b)  a n d  t h e
m i t o c h o n d r i a l  a - g l y c e r o p h o s p h a t e  o x i d a s e  ( F a i r l a m b  an d  Bowman, 1 9 7 7 ) .
T r i v a l e n t  a r s e n i c a l s  h a v e  a  h i g h  a f f i n i t y  f o r  t h e  s u l p h y d r y l  g r o u p s  
w h i c h  form p a r t  o f  t h e  a c t i v e  s i t e  o f  many en z y m e s ,  p a r t i c u l a r l y  
k i n a s e s ,  a n d  F l y n n  a n d  Bowman ( 1 9 7 4 )  h a v e  shown t h a t ,  i n  i n t a c t  
t r y p a n o s o m e s ,  p y r u v a t e  k i n a s e  i s  p a r t i c u l a r l y  a f f e c t e d  w i t h  a 
c o n s e q u e n t  i n t r a c e l l u l a r  a c c u m u l a t i o n  o f  p h o s p h o e n o l p y r u v a t e .
P y r u v a t e  k i n a s e  i s  t h e  enzyme m o s t  a f f e c t e d  i n  v i v o  a s  i t  i s  l o c a t e d  
i n  t h e  c y t o p l a s m  o f  t h e  t r y p a n o s o m e  w h i l e  t h e  o t h e r  enzymes  m e n t i o n e d  
a r e  c o n t a i n e d  w i t h i n  a  m em b ra n e -b o u n d  m i c r o b o d y - l i k e  o r g a n e l l e ,  t h e  
g l y c o s o m e  ( F a i r l a m b ,  1 9 8 2 ) .  The a b s e n c e  o f  an y  e n e r g y  r e s e r v e s  i n  t h e  
t r y p a n o s o m e ,  t h e  s l i g h t  d e g r e e  o f  p r e f e r e n t i a l  b i n d i n g  t o  t r y p a n o s o m a l  
p y r u v a t e  k i n a s e  o v e r  h o s t  p y r u v a t e  k i n a s e  an d  some c o n c e n t r a t i o n  o f
a r s e n i c a l  d r u g s  i n  t h e  t r y p a n o s o m e  co m b in e  t o  g i v e  m e l a r s o p r o l  a
m e a s u r e  o f  s e l e c t i v i t y  ( G u t t e r i d g e ,  1 9 8 5 ) .  F o r  a l l  i t s  o b v i o u s  
u s e f u l n e s s ,  m e l a r s o p r o l  h a s  s e v e r e  s i d e - e f f e c t s ; up t o  18% o f  p a t i e n t s  
s u f f e r  r e a c t i v e  e n c e p h a l o p a t h y ,  w h i c h  o c c a s i o n a l l y  p r o v e s  f a t a l ,  an d  
m or e  commonly f e v e r  an d  p a i n  i n  t h e  c h e s t  o r  abdomen.  F o r  t h i s  r e a s o n  
i t  i s  recommended t h a t  m e l a r s o p r o l  i s  a d m i n i s t e r e d  o n l y  u n d e r  h o s p i t a l  
s u p e r v i s i o n  an d  r e a c t i o n s  m o n i t o r e d  f o r  up t o  t e n  d a y s  (M olyneux  an d  
A s h f o r d ,  1983 ;  G u t t e r i d g e ,  1 9 8 5 ) .
F i g u r e  7:  P a t h w a y s  o f  g l y c o l y s i s  i n  b l o o d s t r e a m - f o r m  t r y p a n o s o m e s .
The r e a c t i o n s  e n c l o s e d  i n  t h e  b r o k e n  box a r e  a s s u m e d  p r e s e n t  
u n d e r  a n a e r o b i c  c o n d i t i o n s .  The enzymes i n d i c a t e d  a r e :
E l  -  t r i o s e  p h o s p h a t e  i s o m e r a s e  
E2 -  a-GPDH 
E3 -  g l y c e r o l  k i n a s e  
E4 -  a-GPO
O t h e r  a b b r e v i a t i o n s  i n c l u d e :
G6P -  g l u c o s e - 6 - p h o s p h a t e  
F 1 6 d iP  -  f r u c t o s e - 1 , 6 - d i p h o s p h a t e  
GAP -  g l y c e r a l d e h y d e - 3 - p h o s p h a t e  
1 , 3 - d i P G  -  1 , 3 - d i p h o s p h o g l y c e r a t e  
3-PG -  3 - p h o s p h o g l u c o n a t e  
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I t  i s  i m m e d i a t e l y  a p p a r e n t  from t h i s  b r i e f  d e s c r i p t i o n  o f  t h e  
t h r e e  m o s t  b e n e f i c i a l  d r u g s  c u r r e n t l y  i n  u s e  t h a t  f u r t h e r  r e s e a r c h  
i n t o  a n t i - t r y p a n o s o r a a l  c h e m o t h e r a p y  i s  l o n g  o v e r d u e .  I n  many T h i r d  
W o r ld  c o u n t r i e s  up t o  40% o f  t h e  t o t a l  a n n u a l  h e a l t h - c a r e  b u d g e t  may 
be  s p e n t  on d r u g s ;  t h e  a v a i l a b l e  d r u g s  s h o u l d  t h e r e f o r e  be e f f e c t i v e ,  
s a f e  an d  i n e x p e n s i v e .  However  t h e  d e v e l o p m e n t  a n d  s c r e e n i n g  o f  new 
d r u g s  i s  n e c e s s a r i l y  t i m e - c o n s u m i n g  an d  c o s t l y .  A " v i c i o u s  c i r c l e "  
e n s u e s  w h e re b y  t h e  p e o p l e  who m o s t  n e e d  t h e  new d r u g  a r e  u n a b l e  t o  
p u r c h a s e  i t  and t h e  r e s u l t a n t  p o o r  m a r k e t  f o r c e s  t h e  p r i c e  t o  be  
m a i n t a i n e d  a t  an  e l e v a t e d  l e v e l  (Goodw in ,  198 5;  R e e ,  1 9 8 5 ) .  The 
p o t e n t i a l  r e t u r n  on an y  i n v e s t m e n t  i n  t h i s  f i e l d  by a p h a r m a c e u t i c a l  
company i s  t h e r e f o r e  l i k e l y  t o  be  l e s s  t h a n  t h e  o u t l a y ,  by no m e an s  an  
a t t r a c t i v e  c o m m e r c i a l  p r o p o s i t i o n .  The r e s e a r c h  i n t o  t h e  b i o c h e m i s t r y  
an d  m o l e c u l a r  b i o l o g y  o f  t r y p a n o s o m e s  c u r r e n t l y  b e i n g  c a r r i e d  o u t  i n  
a c a d e m i c  i n s t i t u t i o n s  w o r l d w i d e  r e m a i n s  t h e  m o s t  p r o m i s i n g  a s p e c t  o f  
t h e  s e a r c h  f o r  new d r u g s .  The d i s c o v e r y  o f  a  r e a c t i o n  u n i q u e  t o  t h e  
t r y p a n o s o m e ,  an  enzyme w i t h  m a r k e d l y  d i f f e r e n t  p r o p e r t i e s  t o  t h a t  o f  
t h e  h o s t  o r  a  means  o f  v a c c i n a t i o n  c o u l d  l e a d  t o  t h e  d e v e l o p m e n t  o f  a 
v a l u a b l e  l i f e - s a v i n g  d r u g .
1 . 6 :  The m o r p h o l o g y  a n d  l i f e - c y c l e  o f  T ry p a n o so m a  b r u c e i
The u n u s u a l  m o r p h o l o g y  an d  l i f e - c y c l e  o f  t h e  members o f  t h e  
b r u c e i  s u b g r o u p  o f  t r y p a n o s o m e s  h a s  a l r e a d y  b ee n  t h e  s u b j e c t  o f  much 
r e s e a r c h ,  an d  t h e  u l t r a s t r u c t u r e  o f  a " t y p i c a l "  member i s  shown a s  
F i g u r e  8 .  The p l a s m a  membrane o f  t h e  t r y p a n o s o m e  i s  a t y p i c a l  u n i t  
membrane,  s i m i l a r  i n  a p p e a r a n c e  t o  t h a t  o f  o t h e r  a n i m a l  c e l l s ,  b e n e a t h
F i g u r e  8 :  The u l t r a s t r u c t u r e  o f  a  t y p i c a l  member o f  t h e  s u b g e n u s  
T r y p a n o z o o n  ( a f t e r  V i c k e rm a n  an d  Cox,  1 9 6 7 ) .  The  l o n g ,  
s l e n d e r  fo rm s  a r e  a p p r o x i m a t e l y  30/im i n  l e n g t h  a n d  s h o r t ,  
s tum py  fo rms a r e  b e t w e e n  14 an d  20/nm l o n g .  The f e a t u r e s  
l a b e l l e d  a r e :
A -  f o l d  o f  p e l l i c l e  
B -  a t t a c h e d  f l a g e l l u m
(A a n d  B t o g e t h e r  form t h e  ' u n d u l a t i n g  
m e m b r a n e 1)
C -  m i c r o t u b u l e s  o f  p e l l i c l e  shown a t  a n t e r i o r  e n d  
o n l y
D -  m i t o c h o n d r i o n  
E -  e n d o p l a s m i c  r e t i c u l u m  
F -  k i n e t o p l a s t  
G -  r e s e r v o i r
H -  b a s a l  body o f  f l a g e l l u m  
I  -  g o l g i  a p p a r a t u s  
J  -  n u c l e u s
2 1
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w h i c h  l i e s  a r e g u l a r  a r r a y  o f  p e l l i c u l a r  m i c r o t u b u l e s ,  c y t o s k e l e t a l  i n  
f u n c t i o n  an d  p r e s e n t  i n  b o t h  t h e  v e r t e b r a t e  an d  i n v e r t e b r a t e  fo rms o f  
t h e  p a r a s i t e  (Molyneux  a n d  A s h f o r d ,  1 9 8 3 ) .  The s o - c a l l e d  " u n d u l a t i n g  
mem brane"  s e e n  u n d e r  t h e  l i g h t  m i c r o s c o p e  may a c t u a l l y  be  an  o p t i c a l  
a r t e f a c t ;  u l t r a s t r u c t u r a l  s t u d i e s  s u g g e s t  t h a t  t h e  f l a g e l l a r  membrane 
an d  t h e  p l a s m a  membrane a r e  a t t a c h e d  by d e s m o s o m e - l i k e  s t r u c t u r e s ,  
s l i d i n g  o f  t h e  f l a g e l l a r  m i c r o t u b u l e s  s e e m i n g  t o  c a u s e  t h e  p l a s m a  
membrane t o  u n d u l a t e  (S m yth ,  1 9 7 6 ) .  T ry p a n o s o m e s  a r e  c l a s s i f i e d  i n  
t h e  o r d e r  K i n e t o p l a s t i d a  a s  a c o n s e q u e n c e  o f  t h e  p r e s e n c e  o f  t h e  
c h a r a c t e r i s t i c  k i n e t o p l a s t ,  a n  o r g a n e l l e  l o c a t e d  w i t h i n  t h e  s i n g l e  
m i t o c h o n d r i o n .  The k i n e t o p l a s t  i s  a  co m plex  n e t w o r k  o f  m i t o c h o n d r i a l  
DNA w h i c h  h a s  b e e n  v i s u a l i s e d  by e l e c t r o n  m i c r o s c o p y  a s  t h o u s a n d s  o f  
i n t e r l o c k e d  c i r c u l a r  m o l e c u l e s ,  r e p r e s e n t i n g  up t o  30% o f  t h e  t o t a l  
c e l l u l a r  DNA ( O p p e r d o e s ,  1 9 8 5 ) .  One com ponen t  o f  t h e  kDNA n e t w o r k ,  
t h e  m a x i c i r c l e ,  h a s  f e a t u r e s  s i m i l a r  t o  c o n v e n t i o n a l  m i t o c h o n d r i a l  DNA 
and  i s  p r e s e n t  a t  b e t w e e n  25 a n d  50 c o p i e s  p e r  n e t w o r k ,  e a c h  copy  
b e i n g  i d e n t i c a l  i n  n u c l e o t i d e  s e q u e n c e .  The m a j o r  t r a n s c r i p t s  o f  
m a x i c i r c l e  DNA a r e  r i b o s o m a l  a n d  m e s s e n g e r  RNA m o l e c u l e s  ( F a i r l a m b ,  
1982 )  a n d  t h e r e  i s  a l s o  e v i d e n c e  t h a t  t h e  m a x i c i r c l e s  c o n t a i n  t h e  
g e n e s  f o r  t h e  c y t o c h r o m e  o x i d a s e  s u b u n i t s  I ,  I I  an d  I I I ,  a p o c y t o c h r o m e  
b .  However t h e  s e c o n d  com ponen t  o f  t h e  n e t w o r k  i n  T.  b r u c e i , t h e  
m i n i c i r c l e s ,  o f  w h i c h  t h e r e  a r e  a p p r o x i m a t e l y  s i x  t h o u s a n d ,  h a s  a 
h e t e r o g e n e o u s  n u c l e o t i d e  s e q u e n c e  b u t  a s  y e t  no  known f u n c t i o n  
( O p p e r d o e s ,  1 9 8 5 ) .
An u n u s u a l  f e a t u r e  o f  A f r i c a n  t r y p a n o s o m e s  i s  t h e i r  p o s s e s s i o n  o f  
a s i n g l e  m i t o c h o n d r i o n  i n  w h i c h  s t r i k i n g  c h a n g e s  a r e  s e e n  d u r i n g  t h e  
v a r i o u s  s t a g e s  o f  t h e  l i f e - c y c l e .  , I n  t h e  i n s e c t  s t a g e s ,  t h e
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m i t o c h o n d r i o n  i s  f u l l y - d e v e l o p e d  w i t h  nu m erous  p l a t e - l i k e  c r i s t a e ,  
w h i l e  t h e  mammalian  fo rms  h a v e  s i m p l e ,  u n b r a n c h e d  m i t o c h o n d r i a  w i t h  
few,  t u b u l a r  c r i s t a e  ( F a i r l a m b ,  19 8 2 )  ( F i g u r e  9 ) .  I t  i s  t h e  d e g r e e  o f  
d e v e l o p m e n t  o f  t h e  m i t o c h o n d r i o n  c o u p l e d  w i t h  t h e  c h a n g e  i n  s h a p e  o f  
t h e  o r g a n i s m ,  t h e  p o s i t i o n  o f  t h e  f l a g e l l u m  a s  d e t e r m i n e d  by i t s  
s t a r t i n g  p o i n t  ( H o a r e  a n d  W a l l a c e ,  1 966)  a n d  t h e  p o s i t i o n  o f  t h e  
k i n e t o p l a s t  r e l a t i v e  t o  t h e  n u c l e u s  ( V i c k e r m a n ,  198 5)  w h i c h  c o m b in e  t o  
d e s c r i b e  t h e  m o r p h o l o g i c a l  s t a g e s  o f  t h e  l i f e - c y c l e  ( F i g u r e  1 0 ) .  When 
a n  i n f e c t e d  t s e t s e  f l y  b i t e s  a n  u n i n f e c t e d  a n i m a l  o r  human,  
t r y p a n o s o m e s  a r e  i n j e c t e d  i n t o  t h e  s k i n  i n  t h e  m e t a c y c l i c  fo r m .  A t  
t h e  s i t e  o f  t h e  b i t e ,  t h e s e  m e t a c y c l i c  fo rms t r a n s f o r m  i n t o  
b l o o d s t r e a m  forms  w h i c h  t h e n  m u l t i p l y  t o  form a c h a r a c t e r i s t i c  
c h a n c r e .  The t r y p o m a s t i g o t e s  m i g r a t e  t o  t h e  lymph n o d e s  a n d  t h e  
b l o o d s t r e a m  w h e re  t h e y  m u l t i p l y  an d  i n v a d e  t h e  i n t r a c e l l u l a r  s p a c e s  o f  
c e r t a i n  t i s s u e s  (v a n  M e i r v e n n e  an d  Le Ray,  1 9 8 5 ) .  I n  a  t y p i c a l  
c h r o n i c  r e l a p s i n g  i n f e c t i o n  b l o o d s t r e a m  t r y p o m a s t i g o t e s  d i s p l a y  a 
h e t e r o g e n e i t y  o f  m o r p h o l o g y  known a s  p l e o m o r p h i s m  ( M a r k e l l  a n d  Voge,
1 9 8 1 ) .  The l o n g ,  s l e n d e r  form i s  num erous  i n  t h e  r i s i n g  p a r a s i t a e r a i a  
s t a g e  o f  t h e  c y c l e  ( F i g u r e  3 )  w h i l e  t h e  s h o r t ,  s tumpy form i s  u s u a l l y  
s e e n  d u r i n g  t h e  r e m i s s i o n  p h a s e  (M olyneux  a n d  A s h f o r d ,  1 9 8 3 ) .  A f t e r  
an  u n i n f e c t e d  t s e t s e  f l y  h a s  f e d  on a n  i n f e c t e d  a n i m a l  t h e  s h o r t ,  
s tum py  fo rms w h i c h  h a v e  b e e n  i n g e s t e d  t r a n s f o r m  i n  t h e  i n s e c t  m i d g u t  
t o  p r o c y c l i c  t r y p o m a s t i g o t e  fo rms  w h i c h ,  a f t e r  m u l t i p l i c a t i o n ,  m i g r a t e  
t o  t h e  i n s e c t  s a l i v a r y  g l a n d s .  I n  t h e  s a l i v a r y  g l a n d s  t h e  p r o c y c l i c  
fo rms t r a n s f o r m  f i r s t  i n t o  e p i m a s t i g o t e  fo rms a n d  t h e n  on ce  a g a i n  i n t o  
t h e  i n f e c t i v e  m e t a c y c l i c  form ( V i c k e r m a n ,  1 9 8 5 ) .  M u l t i p l i c a t i o n  o f  
t r y p a n o s o m e s  h a s  t h u s  f a r  b e e n  b e l i e v e d  t o  be  by m eans  o f  b i n a r y
F i g u r e  9 :  Two e x a m p l e s  o f  s t a g e s  i n  t h e  l i f e - c y c l e  o f  T r y p a n o z o o n
s p e c i e s ,  s h o w i n g  t h e  p o s i t i o n  o f  t h e  e x t r a n u c l e a r  DNA ( t h e  
k i n e t o p l a s t )  a n d  t h e  e x t e n t  o f  d e v e l o p m e n t  o f  t h e  
m i t o c h o n d r i o n  (New ton ,  1 9 6 8 ) .
a )  E p i m a s t i g o t e  ( i n s e c t  s a l i v a r y  g l a n d s )
b )  T r y p o m a s t i g o t e  (m am m al ian  b l o o d s t r e a m )
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F i g u r e  10: The d e v e l o p m e n t a l  c y c l e  o f  T ry p an o so m a  b r u c e i  i n  t h e
mammalian  h o s t  an d  t h e  t s e t s e  v e c t o r  s h o w in g  t h e  r e l a t i v e  
s i z e s  o f  t h e  v a r i o u s  s t a g e s .  The forms  m a r k e d  w i t h  an  
a s t e r i s k  a r e  t h o s e  i n  w h i c h  d i v i s i o n  o c c u r s  ( V i c k e r m a n ,
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f i s s i o n  (Cox,  1 9 8 2 ) ;  r e c e n t  w o r k e r s  h o w e v e r  t e n t a t i v e l y  s u g g e s t  t h e  
p o s s i b i l i t y  o f  a s e x u a l  c y c l e  i n  members o f  t h e  b r u c e i  s u b g r o u p  ( T a i t ,  
1983 ;  J e n n i  e t  al», 1986 ;  V i c k e r m a n ,  1 9 8 6 ) .
The c h a n g e s  i n  m o r p h o l o g y  s e e n  d u r i n g  t h e  l i f e - c y c l e  o f  t h e  
t r y p a n o s o m e  a r e  a s s o c i a t e d  w i t h  t h e  a b i l i t y  o f  t h e  o r g a n i s m  t o  a d a p t  
i t s  r e s p i r a t o r y  p a th w a y  t o  t h e  p r e v a i l i n g  c o n d i t i o n s .  S i n c e  t h e  
d i s c o v e r y  t h a t  t r y p a n o s o m e s  a t  c e r t a i n  s t a g e s  o f  t h e  l i f e - c y c l e  do n o t  
c o n t a i n  d e t e c t a b l e  c y t o c h r o m e  p i g m e n t s  an d  t h a t  t h e i r  r e s p i r a t i o n  i s  
i n s e n s i t i v e  t o  c y a n i d e  ( R y l e y ,  1 9 5 6 ) ,  i t  h a s  b e e n  a p p a r e n t  t h a t  a t  
l e a s t  two t y p e s  o f  r e s p i r a t o r y  p a t h w a y  a r e  p r e s e n t  i n  t h e  members  o f  
t h e  b r u c e i  s u b g r o u p .  The p r i n c i p l e  e n e r g y  s o u r c e  o f  t h e  i n s e c t  s t a g e  
i s  p r o l i n e ,  t h e  am ino  a c i d  m o s t  a b u n d a n t  i n  t h e  h a e m o c o e l  o f  t h e  
t s e t s e  f l y  ( S r i v a s t a v a  an d  Bowman, 1 971)  an d  t h e  t r a n s f o r m a t i o n  from 
mamm ali an  t o  i n s e c t  form i s  a c c o m p a n i e d  by a  m a r k e d  i n c r e a s e  i n  
p r o l i n e  o x i d a s e  a c t i v i t y  (Brown e t  a l . , 1 9 7 3 ) .  P r o l i n e  i s  p r e s e n t  a t  
c o n c e n t r a t i o n s  o f  up t o  150mM, b e i n g  t h e  s o u r c e  o f  t h e  c o n s i d e r a b l e  
e n e r g y  r e q u i r e d  by t h e  i n s e c t  f o r  f l i g h t  ( B u r s e l l ,  1 9 6 6 ) .  The 
t r a n s i t i o n  from mam mali an  l o n g  s l e n d e r  t o  i n s e c t  p r o c y c l i c  fo rm,  v i a  
t h e  s h o r t  s tumpy f o rm ,  i s  a c c o m p a n i e d  by t h e  s y n t h e s i s  o f  c e r t a i n  
enzymes o f  t h e  t r i c a r b o x y l i c  a c i d  (TCA) c y c l e ;  i s o c i t r a t e  
d e h y d r o g e n a s e ,  r a a l a t e  d e h y d r o g e n a s e  ( K i l g o u r ,  1 9 8 0 ) ,  an d  
o r - o x o g l u t a r a t e  o x i d a s e  ( F l y n n  an d  Bowman, 1 9 7 3 )  f o r  e x a m p l e .  However 
t h e  low l e v e l s  o f  c i t r a t e  s y n t h a s e  a n d  s u c c i n a t e  d e h y d r o g e n a s e  s e e n  i n  
s h o r t  s tumpy forms h a v e  l e d  F l y n n  an d  Bowman ( 1 9 7 3 )  t o  t h e  c o n c l u s i o n  
t h a t  t h e  TCA c y c l e  h a s  m i n i m a l  a c t i v i t y ,  i f  a n y ,  i n  v i v o . The m a j o r  
e n d - p r o d u c t s  o f  t h e  a e r o b i c  r e s p i r a t i o n  o f  p r o c y c l i c  forms o f  t h e  T. 
b r u c e i  s u b s p e c i e s  h a v e  b ee n  d e t e r m i n e d  a s  c a r b o n  d i o x i d e ,  g l u t a m a t e ,
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a s p a r t a t e  an d  a l a n i n e  f o r  T.  b .  r h o d e s i e n s e , s u c c i n a t e ,  m a l a t e ,  
f u m a r a t e  and a l a n i n e  f o r  T.  b .  b r u c e i  a n d  s u c c i n a t e  an d  a c e t a t e  f o r  
T.  b .  g a m b i e n s e  (Bowman an d  F l y n n ,  1 9 7 6 ) .
The i n s e c t  fo rms  o f  t r y p a n o s o m e s  o f  t h e  b r u c e i  s u b g r o u p  a p p e a r  t o  
h a v e  a t  l e a s t  t h r e e  t e r m i n a l  r e s p i r a t o r y  s y s t e m s .  Of t h e s e ,  o n e  h a s  
c y a n i d e - s e n s i t i v e  c y t o c h r o m e  a a 3  a s  i t s  t e r m i n a l  o x i d a s e ,  one  h a s  
s a l i c y l h y d r o x a m i c - a c i d - s e n s i t i v e  a - g l y c e r o p h o s p h a t e  o x i d a s e  an d  t h e  
t h i r d ,  s e n s i t i v e  t o  n e i t h e r  c y a n i d e  n o r  SHAM, i s  a s  y e t  unknown b u t  
i t s  i d e n t i t y  h a s  b e e n  s u g g e s t e d  a s  c y t o c h r o m e  0 by N jo g u  e t  a l .
( 1 9 8 0 ) .  The f o r m e r  two a r e  t h e  m o s t  i m p o r t a n t ,  c o n t r i b u t i n g  60% an d  
30% r e s p e c t i v e l y  t o  t h e  t o t a l  c e l l u l a r  r e s p i r a t i o n  (N j o g u  e t  a l . ,
1 9 8 0 ) ,  t h e s e  p r o p o r t i o n s  p o s s i b l y  s h i f t i n g  a c c o r d i n g  t o  t h e  o xygen  
t e n s i o n  o f  t h e  i m m e d i a t e  s u r r o u n d i n g s  o f  t h e  t r y p a n o s o m e .  Thus  
a - g l y c e r o p h o s p h a t e  o x i d a s e  h a s  a low a f f i n i t y  f o r  ox ygen  an d  
c y t o c h r o m e  a a 3  a  h i g h  a f f i n i t y ,  r e f l e c t i n g  t h e  h i g h  o x ygen  c o n t e n t  o f  
t h e  mam mali an  b l o o d s t r e a m  an d  t h e  low o x y g en  t e n s i o n  i n  t h e  t s e t s e  
m i d g u t  r e s p e c t i v e l y  ( H i l l ,  1 9 7 6 b ) .  C o n s e q u e n t l y  i t  h a s  b e e n  s u g g e s t e d  
by N jo g u  e t  a l .  ( 1 9 8 0 )  t h a t  t h e  m a i n ,  c y t o c h r o m e - m e d i a t e d  e l e c t r o n  
t r a n s p o r t  c h a i n  b r a n c h e s  from t h e  a - g l y c e r o p h o s p h a t e  s h u t t l e  s y s t e m  
s u c h  t h a t  s h o u l d  one become i n h i b i t e d  t h e  o t h e r  may t a k e  o v e r  i t s  
f u n c t i o n .
1 . 7 :  E n e r g y  p r o d u c t i o n  i n  T r y p a n o s o m a  b r u c e i
The t r y p a n o s o m e s  w h i c h  o c c u p y  t h e  mammali an  b l o o d s t r e a m  h a v e  a 
m a r k e d l y  d i f f e r e n t  p h y s i o l o g y  f rom t h o s e  w h i c h  i n h a b i t  t h e  i n s e c t  
m i d g u t .  The l o n g ,  s l e n d e r  b l o o d s t r e a m - d w e l l i n g  t r y p a n o s o m e ,  w i t h
28
w h i c h  t h i s  work  i s  s o l e l y  c o n c e r n e d ,  p o s s e s s e s  a s i m p l e  m i t o c h o n d r i o n ,
an i n c o m p l e t e  TCA c y c l e  and no f u n c t i o n a l  r e s p i r a t o r y  c h a i n  ( F a i r l a m b ,
1 9 8 2 ) .  B l o o d s t r e a m  t r y p o m a s t i g o t e s  c o n t a i n  l i t t l e  i f  any s t o r a g e
c a r b o h y d r a t e  ( O p p e r d o e s  e t  a l . , 1 9 76b)  an d  a r e  t h e r e f o r e  r e l i a n t  upon
g l y c o l y s i s  f o r  t h e  p r o d u c t i o n  o f  e n e r g y .  The human b l o o d s t r e a m
c o n t a i n s  g l u c o s e  a t  a p p r o x i m a t e l y  lmg/ml  (5mM) ( W h i t f i e l d ,  19 7 9 )  an d
t h i s  c o n s t a n t  p l e n t i f u l  s u p p l y  o f  s u b s t r a t e  e l i m i n a t e s  t h e  n e e d  f o r
e n e r g y  r e s e r v e s  i n  t h e  p a r a s i t e .  T r y p a n o s o m a l  r e s p i r a t o r y  a c t i v i t y  i s
c o r r e s p o n d i n g l y  h i g h ,  ox y g e n  c o n s u m p t i o n  b e i n g  b e t w e e n  41 a n d  82 
8n m o l / m i n / 1  x 10 c e l l s  w i t h  g l u c o s e  a s  t h e  s u b s t r a t e ,  a p p r o x i m a t e l y  
f i f t y  t i m e s  t h e  r a t e  o f  r e s p i r a t i o n  o f  mam mali an  c e l l s  (Bowman an d  
F l y n n ,  1 9 7 6 ) .
I t  may be t o  m a i n t a i n  t h i s  h i g h  r a t e  o f  g l y c o l y s i s  t h a t  i n  t h e
t r y p a n o s o m e  t h e  m a j o r  p a r t  o f  t h e  g l y c o l y t i c  p a th w a y  i s  c o n t a i n e d ,
w i t h  o t h e r  en z y m e s ,  i n  a m i c r o b o d y - l i k e  o r g a n e l l e  d e s i g n a t e d  t h e
g l y c o s o m e  by O p p e r d o e s  an d  B o r s t  ( 1 9 7 7 )  ( F i g u r e  7 ) .  The o t h e r  enzymes
s e q u e s t r a t e d  i n  t h e  g l y c o s o m e  i n c l u d e  a d e n y l a t e  k i n a s e  an d  enzymes  o f
t h e  p y r i m i d i n e  b i o s y n t h e t i c  p a th w a y  ( O p p e r d o e s  a n d  C o t t e m ,  1 9 8 2 ) .  A
s i n g l e  t r y p a n o s o m e  c o n t a i n s  an  a v e r a g e  o f  230 g l y c o s o m e s ,  r e p r e s e n t i n g
a p p r o x i m a t e l y  4.3% o f  t h e  t o t a l  c e l l  v o lu m e .  E a c h  g ly c o s o m e  h a s  an
3a v e r a g e  vo lume o f  0 .0108pm  , i s  s p h e r i c a l  o r  e l l i p s o i d  an d  i s  
s u r r o u n d e d  by a  s i n g l e  membrane ( O p p e r d o e s  e t  a l . , 1 9 8 4 ) .  As a 
c o n s e q u e n c e  o f  t h e  i n c o m p l e t e  an d  n o n - f u n c t i o n a l  TCA c y c l e  an d  l a c k  o f  
l a c t a t e  d e h y d r o g e n a s e  i n  t h e  b l o o d s t r e a m  form ( D i x o n ,  1966;  B i r d  e t  
a L , 1 9 7 1 ) ,  g l u c o s e  i s  m e t a b o l i s e d  a l m o s t  e x c l u s i v e l y  t o  p y r u v a t e  u n d e r  
a e r o b i c  c o n d i t i o n s ,  t h i s  b e i n g  e x c r e t e d  i n t o  t h e  b l o o d s t r e a m  o f  t h e  
h o s t  ( R y l e y ,  1956 ;  Ne wton,  1968;  F l y n n  and Bowman, 1 9 7 3 ) .  The r e d u c e d
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n i c o t i n a m i d e  a d e n i n e  d i n u c l e o t i d e  (NADH) p r o d u c e d  d u r i n g  t h e  
c o n v e r s i o n  o f  a t r i o s e  p h o s p h a t e  t o  p y r u v a t e  i s  r e o x i d i s e d  by m ean s  o f  
t h e  a - g l y c e r o p h o s p h a t e  o x i d a s e  (GPO) s h u t t l e  shown i n  F i g u r e  7.
L o c a t e d  i n  t h e  m i t o c h o n d r i o n  ( O p p e r d o e s  e t  a l . , 1 9 7 7 ) ,  t h i s  t e r m i n a l  
r e s p i r a t o r y  s y s t e m  i s  i n s e n s i t i v e  t o  t y p i c a l  i n h i b i t o r s  o f  t h e  
m am m al ian  r e s p i r a t o r y  c h a i n ,  c y a n i d e  o r  a z i d e  f o r  e x a m p l e ,  a n d  i t  i s  
now g e n e r a l l y  a c c e p t e d  t h a t  t h e r e  a r e  no c y t o c h r o m e s  p r e s e n t  i n  t h e  
b l o o d s t r e a m  fo rms  o f  o r g a n i s m s  o f  t h e  T r y p a n o z o o n  s u b g e n u s  ( R y l e y ,  
195 6;  R y l e y ,  1962 ;  G r a n t  a n d  S a r g e n t ,  1 9 6 1 ) .  I t  c a n  be  s e e n  f rom 
F i g u r e  7 t h a t  NADH i s  r e o x i d i s e d  d u r i n g  t h e  r e a c t i o n  c a t a l y s e d  by 
g l y c o s o m a l  NAD+- l i n k e d  a - g l y c e r o p h o s p h a t e  d e h y d r o g e n a s e ,  nam e ly  t h e  
r e d u c t i o n  o f  d i h y d r o x y a c e t o n e  p h o s p h a t e  (DHAP) t o  a - g l y c e r o p h o s p h a t e  
( a - G P ) .  The a- G P  t h u s  p r o d u c e d  i s  t h e n  o x i d i s e d  b a c k  t o  DHAP i n  a 
r e a c t i o n  c a t a l y s e d  by m i t o c h o n d r i a l  a - g l y c e r o p h o s p h a t e  o x i d a s e  
( F a i r l a m b  a n d  Bowman, 1 9 7 7 a ) .  G r a n t  an d  S a r g e n t  ( 1 9 6 1 )  i d e n t i f i e d  a n  
a - g l y c e r o p h o s p h a t e  d e h y d r o g e n a s e  co m ponen t  o f  t h e  a - g l y c e r o p h o s p h a t e  
o x i d a s e ,  t h i s  com ponen t  b e i n g  c a p a b l e  o f  t r a n s f e r r i n g  e l e c t r o n s  t o  t h e  
t e r m i n a l  o x i d a s e .  D i f f e r e n c e  s p e c t r a  s u g g e s t  t h a t  t h e  d e h y d r o g e n a s e  
co m p o n e n t  c o n t a i n s  f l a v i n  a d e n i n e  d i n u c l e o t i d e  (FAD) an d  i n h i b i t o r  
s t u d i e s  h a v e  l e d  t o  t h e  p r o p o s i t i o n  t h a t  c o p p e r  i s  p r e s e n t  a s  p a r t  o f  
t h e  o x i d a s e  ( F a i r l a m b  an d  Bowman, 1 9 7 7 b ) .
I t  c a n  be  s e e n  from F i g u r e  7 t h a t  t h e  n e t  p r o d u c t i o n  o f  a d e n o s i n e  
t r i p h o s p h a t e  (ATP) d u r i n g  a e r o b i c  r e s p i r a t i o n  i s  +2 m o l e c u l e s ,  
s u f f i c i e n t  t o  m a i n t a i n  c e l l u l a r  f u n c t i o n  (B ro h n  a n d  C l a r k s o n ,  1 9 8 0 ) .  
Un der  a n a e r o b i c  c o n d i t i o n s  t h e  GPO s h u t t l e  i s  i n o p e r a t i v e  an d ,  
a s s u m i n g  a c o n v e n t i o n a l  g l y c o l y t i c  s che m e ,  t h e  y i e l d  o f  ATP m u s t  be  
z e r o ,  c e l l  d e a t h  s w i f t l y  f o l l o w i n g .  T h i s  does  n o t  o c c u r  h o w e v e r ,  a n d
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i t  h a s  l o n g  b ee n  known t h a t  t h e  c e l l s  s u r v i v e  an d  t h a t  g l u c o s e  i s  
m e t a b o l i s e d  t o  a p p r o x i m a t e l y  e q u i m o l a r  q u a n t i t i e s  o f  p y r u v a t e  an d  
g l y c e r o l  u n d e r  a n a e r o b i c  c o n d i t i o n s  ( R y l e y ,  1956 ;  O p p e r d o e s  e t  a l . ,  
1 9 7 6 b ) .  A s i m i l a r  s i t u a t i o n  a r i s e s  u n d e r  a e r o b i c  c o n d i t i o n s  i n  t h e  
p r e s e n c e  o f  s a l i c y l h y d r o x a m i c  a c i d  (SHAM), a m e t a l - c h e l a t i n g  a g e n t  
w h i c h  i s  an  i n h i b i t o r  o f  a - g l y c e r o p h o s p h a t e  o x i d a s e  an d  p r o d u c e s  an  
e f f e c t  w h i c h  s i m u l a t e s  a n a e r o b i o s i s  (E v a n s  a n d  Brown,  1973;  O p p e r d o e s  
e t  a l . , 1 9 7 6 b ) .  Thus  t h e  r e d o x  b a l a n c e  o f  t h e  t r y p a n o s o m e  i s  
m a i n t a i n e d  (Bowman an d  F l y n n ,  1 9 7 6 ) .  I n  t h e  a e r o b i c  t o  a n a e r o b i c  
t r a n s i t i o n  t h e  i n t r a c e l l u l a r  c o n c e n t r a t i o n  o f  a l m o s t  e v e r y  g l y c o l y t i c  
i n t e r m e d i a t e  d e c r e a s e s  e x c e p t  t h a t  o f  a - g l y c e r o p h o s p h a t e ,  w h i c h  r i s e s  
b e t w e e n  f o u r f o l d  ( V i s s e r  an d  O p p e r d o e s ,  1 980)  a n d  t h i r t y - f o l d  (Hammond 
and Bowman, 1 9 8 0 a ) ,  w i t h  p o s s i b l e  i n t r a g l y c o s o m a l  c o n c e n t r a t i o n s  o f  
0.1M b e i n g  r e a c h e d  ( O p p e r d o e s  an d  B o r s t ,  1 9 7 7 ) .  S i n c e  b l o o d s t r e a m  
fo rms  o f  T.  b r u c e i  a r e  a b l e  t o  s u r v i v e  a n a e r o b i o s i s  i t  i s  a p p a r e n t  
t h a t  t h e r e  m u s t  be a n e t  s y n t h e s i s  o f  ATP u n d e r  s u c h  c o n d i t i o n s ,  no  
e n e r g y  r e s e r v e s  b e i n g  p r e s e n t  ( O p p e r d o e s  e t  a l . , 1 9 7 6 a ) .
I t  was p r o p o s e d  by Bowman an d  F l y n n  ( 1 9 7 6 )  t h a t  u n d e r  a n a e r o b i c  
c o n d i t i o n s  t h e  f o r m a t i o n  o f  g l y c e r o l  a s  an  e n d - p r o d u c t  was by t h e  
a c t i o n  o f  a p h o s p h a t a s e  on a - G P ;  t h i s  r e a c t i o n  h o w e v e r  w o u ld  y i e l d  no 
ATP. S e v e r a l  h y p o t h e t i c a l  schem es  f o r  t h e  p r o d u c t i o n  o f  g l y c e r o l  h a v e  
b ee n  p r o p o s e d  by C l a r k s o n  an d  Brohn ( 1 9 7 6 ) ,  b u t  t h a t  w h i c h  h a s  t h e  
m o s t  e v i d e n c e  t o  s u p p o r t  was p u t  f o r w a r d  by O p p e r d o e s  an d  B o r s t  ( 1 9 7 7 )  
who s u g g e s t  t h a t  u n d e r  c o n d i t i o n s  o f  a n a e r o b i o s i s ,  g l y c e r o l  an d  ATP 
a r e  s y n t h e s i s e d  f rom a - G P  an d  ADP, t h e  r e a c t i o n  b e i n g  c a t a l y s e d  by 
g l y c e r o l  k i n a s e .  The c o n v e r s i o n  o f  a - G P  t o  g l y c e r o l  i s  
t h e r m o d y n a m i c a l l y  u n f a v o u r a b l e  ( M a c k e n z ie  e t  a l . ,  1 983)  b u t  t h e
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r e a c t i o n  may p r o c e e d  a s  a  r e s u l t  o f  t h e  h i g h  l o c a l  c o n c e n t r a t i o n  o f
a - G P ,  a l t h o u g h  t h e  n e c e s s i t y  f o r  an  a c c u m u l a t i o n  o f  a-GP h a s  r e c e n t l y
b e e n  q u e s t i o n e d  (Hammond e t  a l . , 1 9 8 5 ) .  T h i s  p a th w a y  f o r  a n a e r o b i c
m e t a b o l i s m  o f f e r s  an  e x p l a n a t i o n  f o r  t h e  p r e s e n c e  o f  h i g h  g l y c e r o l
k i n a s e  a c t i v i t y  ( > 0 . 5 /nm ol /m in /m g  p r o t e i n )  i n  t r y p a n o s o m e s  o f  t h e
b r u c e i  s u b g r o u p  w h i l s t  t h o s e  t r y p a n o s o m e s  w h i c h  do n o t  p r o d u c e
g l y c e r o l  a n a e r o b i c a l l y ,  T.  c r u z i  a n d  T.  l e w i s i  f o r  e x a m p l e ,  p o s s e s s
r e l a t i v e l y  low l e v e l s  o f  g l y c e r o l  k i n a s e  a c t i v i t y  ( < 0 . 0 3  Mmo l / m i n / m g
p r o t e i n )  (Hammond a n d  Bowman, 1 9 8 0 ) .  Such  h i g h  l e v e l s  o f  g l y c e r o l
k i n a s e  a c t i v i t y  w o u l d  o t h e r w i s e  be u n e x p e c t e d  a s ,  a l t h o u g h  g l y c e r o l  i s
a p o t e n t i a l  s u b s t r a t e  f o r  t r y p a n o s o m e s ,  t h e  p l e n t i f u l  s u p p l y  o f  t h e
p r e f e r r e d  s u b s t r a t e ,  g l u c o s e ,  i n  t h e  b l o o d s t r e a m  o f  t h e  mammalian  h o s t
r e n d e r s  t h e  u t i l i s a t i o n  o f  g l y c e r o l  u n n e c e s s a r y .  F u r t h e r  e v i d e n c e  t o
s u p p o r t  t h e  a c t i o n  o f  g l y c e r o l  k i n a s e  i n  t h e  u n f a v o u r a b l e  d i r e c t i o n  i s
p r o v i d e d  by G r u e n b e r g  e t  a l .  ( 1 9 8 0 )  who h a v e  shown t h a t  t h e  t r a n s p o r t
o f  g l y c e r o l  i n  T.  b r u c e i  i s  a s y m m e t r i c ,  t h e  K f o r  t h e  e f f l u x  b e i n g  -------------------------------------  m
s m a l l e r  t h a n  t h a t  f o r  t h e  i n f l u x  o f  g l y c e r o l .  T h e r e f o r e  t h e  f u n c t i o n  
o f  t h e  c a r r i e r  i s  n o t  t o  p r o m o t e  t h e  u p t a k e  o f  g l y c e r o l  a s  a s u b s t r a t e  
b u t  r a t h e r  t o  f a c i l i t a t e  t h e  e l i m i n a t i o n  o f  a n a e r o b i c a l l y - p r o d u c e d  
g l y c e r o l  so  t h a t  i n t r a c e l l u l a r  c o n c e n t r a t i o n s  s u f f i c i e n t  t o  i n h i b i t  
t h e  c o n v e r s i o n  o f  a -G P  t o  g l y c e r o l  c a n n o t  be r e a c h e d .
1 . 8 :  The a im s  o f  t h e  p r o j e c t
From t h i s  summary i t  i s  a p p a r e n t  t h a t  c e r t a i n  a s p e c t s  o f  
t r y p a n o s o m a l  g l u c o s e  m e t a b o l i s m  show m a r k e d  d i f f e r e n c e s  from t h o s e  o f  
t h e  mammalian h o s t  an d  may s e r v e  a s  t h e  r a t i o n a l  b a s i s  f o r  a t a r g e t
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f o r  s e l e c t i v e  t r y p a n o c i d a l  a g e n t s .  I t  was  a s  a r e s u l t  o f  s u c h  
r e s e a r c h  t h a t  t h e  c o m b i n a t i o n  o f  SHAM a n d  g l y c e r o l  was s u g g e s t e d  a s  a 
t r y p a n o c i d e  by C l a r k s o n  an d  Broh n ( 1 9 7 6 )  a n d  F a i r l a m b  e t  a l .  ( 1 9 7 7 ) .
On a d m i n i s t r a t i o n  t h i s  c o m b i n a t i o n  was f o u n d  t o  c l e a r  t r y p a n o s o m e s  
f rom t h e  b l o o d s t r e a m s  o f  e x p e r i m e n t a l  a n i m a l s  (E v a n s  e t  a l . , 1977;
Amole an d  C l a r k s o n ,  19 8 1 )  b u t  a r e l a p s e  o f  i n f e c t i o n  h a s  b e e n  s e e n  
w i t h i n  one  week o f  t r e a t m e n t .  T h i s  r e l a p s e  may be due t o  e f f e c t i v e  
l e v e l s  o f  b o t h  SHAM an d  g l y c e r o l  n o t  b e i n g  r e a c h e d  i n  c e r t a i n  t i s s u e s  
( C l a r k s o n  a n d  B ro h n ,  1976 ;  P o l t e r a ,  1 9 8 5 ) ,  now t e n t a t i v e l y  i d e n t i f i e d  
by A b o l a r i n  e t  al« ( 1 9 8 2 )  a s  t h e  c h o r o i d  p l e x u s  o f  t h e  b r a i n .  The 
c o m b i n a t i o n  o f  SHAM a n d  g l y c e r o l ,  a l t h o u g h  t h e o r e t i c a l l y  w e l l - f o u n d e d ,  
d o es  n o t  a p p e a r  t o  be  o f  p r a c t i c a l  u s e  a s  a  t r e a t m e n t  o f  human o r  
a n i m a l  t r y p a n o s o m i a s e s  h o w e v e r ,  due  t o  t h e  l a r g e ,  a l m o s t  
l e t h a l l y - t o x i c  d o s a g e  w h i c h  w o u ld  be  n e c e s s a r y  ( v a n  d e r  Mee r  an d  
Z w a r t ,  1980 ;  M e s h n i k ,  1 9 8 4 ) .
C o n t i n u e d  e l u c i d a t i o n  o f  t h e  m e t a b o l i c  p a t h w a y s  o f  t r y p a n o s o m e s  
may r e v e a l  f u r t h e r  r e a c t i o n s  w h i c h  may,  e i t h e r  s i n g l y  o r  i n  
c o m b i n a t i o n ,  be e x p l o i t e d  an d  i t  i s  t o  t h i s  en d  t h a t  t h e  work 
p r e s e n t e d  h e r e  h a s  b e e n  c a r r i e d  o u t .  The i n i t i a l  a im o f  t h e  p r o j e c t  
was t o  i n v e s t i g a t e  t h e  e f f e c t  o f  v a r y i n g  o x y g e n  c o n c e n t r a t i o n  i n  t h e  
r a n g e  b e t w e e n  t h e  two e x t r e m e s  o f  g l u c o s e  m e t a b o l i s m ,  t h e  a e r o b i c  a n d  
a n a e r o b i c  g l y c o l y t i c  p a t h w a y s .  As h a s  p r e v i o u s l y  b e e n  s t a t e d  t h e  m a i n  
p r o d u c t  o f  g l y c o l y s i s  i n  t r y p a n o s o m e s  u n d e r  a e r o b i c  c o n d i t i o n s  i s  
p y r u v a t e  w h i l e  u n d e r  a n a e r o b i c  c o n d i t i o n s  p y r u v a t e  an d  g l y c e r o l  a r e  
p r o d u c e d  i n  a p p r o x i m a t e l y  e q u i m o l a r  q u a n t i t i e s ;  a e r o b i c a l l y  t h e  n e t  
r e a c t i o n  o c c u r r i n g  i s :
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G l u c o s e  + 0 ^ -------- * 2 p y r u v a t e  + 2 ^ 0
w h i l s t  a n a e r o b i c a l l y ,
G l u c o s e  ► p y r u v a t e  + g l y c e r o l .
D e t e r m i n a t i o n  o f  t h e  p o i n t  a t  w h i c h  a e r o b i c  m e t a b o l i s m  becomes 
i n o p e r a t i v e  an d  a n a e r o b i c  m e t a b o l i s m  t a k e s  o v e r  a s  t h e  p r i m a r y  e n e r g y  
s o u r c e  may i d e n t i f y  an  enzyme o r  enzymes  w h i c h  p l a y  a k ey  r o l e  i n  t h e  
c o n t r o l  o f  t h e  " s w i t c h o v e r " .  F u r t h e r  i n v e s t i g a t i o n  o f  t h e  r e l e v a n t  
enzymes may i n d i c a t e  any s u s c e p t i b i l i t y  t o  a c t i o n  by i n h i b i t o r s  w h i c h  
c o u l d  be  d e v e l o p e d  a s  d r u g s .
I n  t h e  s e c o n d  p a r t  o f  t h i s  p r o j e c t  an  a t t e m p t  was  made t o  p u r i f y  
t r y p a n o s o m a l  NAD+- 1 i n k e d  a - g l y c e r o p h o s p h a t e  d e h y d r o g e n a s e  (a-GPDH) (EC 
1 . 1 . 1 . 8 . )  w i t h  a  v i e w  t o  p r e l i m i n a r y  k i n e t i c  s t u d i e s  on t h e  enzyme .
The NAD+- 1 i n k e d  a-GPDH o f  T.  b r u c e i , l o c a t e d  i n  t h e  g ly co s o m e  ( F i g u r e  
1 1 ) ,  i s  p a r t i c u l a r l y  i n t e r e s t i n g  f o r  two r e a s o n s .  F i r s t l y  i t  p l a y s  an  
i m p o r t a n t  r o l e  i n  t r y p a n o s o m a l  m e t a b o l i s m  u n d e r  b o t h  a e r o b i c  an d  
a n a e r o b i c  c o n d i t i o n s ,  c a t a l y s i n g  t h e  r e a c t i o n  w h i c h  b r i n g s  a b o u t  t h e  
r e o x i d a t i o n  o f  NADH i e :
DHAP + NADH ► a-GP + NAD+
S e c o n d l y ,  i t  i s  t h e  o n l y  enzyme o f  w h i c h  t h e  p r o d u c t  c o n c e n t r a t i o n  
seems t o  r i s e  u n d e r  a n a e r o b i c  c o n d i t i o n s .  T h e r e f o r e  t h e  aim o f  t h e  
w ork  p r e s e n t e d  h e r e  was t o  q u a n t i f y ,  u s i n g  a  p u r e  enzyme p r e p a r a t i o n ,  
t h e  k i n e t i c  p a r a m e t e r s  o f  a-GPDH from T. b r u c e i  b r u c e i  an d  i n
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p a r t i c u l a r  t h e  e f f e c t  on enzyme a c t i v i t y  o f  t h e  h i g h  l e v e l s  o f  a - G P  
r e p o r t e d  t o  o c c u r  u n d e r  a n a e r o b i c  c o n d i t i o n s .
I t  i s  a p p a r e n t  t h a t  t h e  work  c a r r i e d  o u t  f a l l s  i n t o  v a r i o u s  
s e p a r a t e  s u b j e c t  c a t e g o r i e s  an d  i t  w i l l  t h e r e f o r e  be  p r e s e n t e d  a s  
s u c h .  C h a p t e r  2 r e f e r s  t o  g e n e r a l  m e t h o d s  u s e d  i n  t h e  p r e p a r a t i o n  o f  
t r y p a n o s o m e s ,  C h a p t e r  3 t o  t h e  i n v e s t i g a t i o n  o f  t h e  a e r o b i c / a n a e r o b i c  
t r a n s i t i o n  o f  g l u c o s e  m e t a b o l i s m  an d  C h a p t e r s  4 a n d  5 r e l a t e  t o  t h e  
p u r i f i c a t i o n  o f  t r y p a n o s o m a l  a-GPDH a n d  i n v e s t i g a t i o n  o f  i t s  k i n e t i c  
b e h a v i o u r  r e s p e c t i v e l y .  A d i s c u s s i o n  o f  t h i s  w o rk  i s  p r e s e n t e d  i n  
C h a p t e r  6 .
F i g u r e  11:  The p r o p o s e d  d i s p o s i t i o n  o f  a-GPDH w i t h i n  t h e  g l y c o s o m e  o f  
T.  r h o d e s i e n s e , shown boun d t o  t h e  c o r e  o f  t h e  g l y c o s o m e  by 
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CHAPTER 2: GENERAL MATERIALS AND METHODS
U n l e s s  o t h e r w i s e  s t a t e d  a l l  p r o c e d u r e s  w e r e  c a r r i e d  o u t  a t  4°C.
2 . 1 :  M a t e r i a l s
U n l e s s  o t h e r w i s e  s t a t e d ,  a l l  c h e m i c a l s  w e r e  o b t a i n e d  f rom Sigma 
C h e m i c a l  C o . ,  P o o l e ,  D o r s e t  an d  w e r e  r e a g e n t  g r a d e .  The 
i o n - e x c h a n g e r s  D E A E - c e l l u l o s e  an d  C M - c e l l u l o s e  w e re  p u r c h a s e d  f rom 
Whatman L t d . ,  M a i d s t o n e ,  K e n t .  R o s w e l l  P a r k  M e m o r i a l  I n s t i t u t e  medium 
F o r m u l a t i o n  1640 (RPMI medium 1 6 4 0 )  was o b t a i n e d  from Flow 
L a b o r a t o r i e s ,  I r v i n e ,  S c o t l a n d .
R i n g e r - p h o s p h a t e  b u f f e r  was p r e p a r e d  e s s e n t i a l l y  a s  d e s c r i b e d  by 
R y l e y  ( 1 9 5 5 )  t h u s :




F i n a l  pH 8 . 0
R i n g e r - p h o s p h a t e ( G )  b u f f e r  was R i n g e r - p h o s p h a t e  b u f f e r  c o n t a i n i n g  
g l u c o s e  a t  a c o n c e n t r a t i o n  o f  lOmM w h i l e  R i n g e r - p h o s p h a t e ( S G )  b u f f e r  
c o n t a i n e d  lOmM g l u c o s e  a n d  s u c r o s e  a t  3 g / 1 0 0 m l .
2 . 2 :  O r g a n i s m s  u s e d
S t o c k s  o f  c l o n e s  o f  t h e  l o n g ,  s l e n d e r  b l o o d s t r e a m  form o f
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T ry p a n o s o m a  b r u c e i  b r u c e i  s t r a i n  EATRO 4 2 7 - 1 2 / I C I - 0 6 0  w e r e  k i n d l y  
s u p p l i e d  by Dr.  H. P .  V o o r h e i s  an d  s t o r e d  i n  s e a l e d  c a p i l l a r y  t u b e s  i n  
l i q u i d  n i t r o g e n .  When r e q u i r e d ,  a  v i a l  o f  t h e s e  c l o n e s  was re moved  
f rom t h e  l i q u i d  n i t r o g e n  an d  1 x 1 0 ^ v i a b l e  t r y p a n o s o m e s  u s e d  t o
i n f e c t  a  s i n g l e  r a t  ( s e e  b e l o w ) .  A t  71 h o u r s  p o s t - i n f e c t i o n  t h e  r a t
was a n a e s t h e t i s e d  w i t h  d i e t h y l  e t h e r  a n d  b l e d  by a o r t i c  s e c t i o n  i n t o  a 
s y r i n g e  c o n t a i n i n g  h e p a r i n  an d  t h i s  b l o o d  was m i x e d  w i t h  g l y c e r o l  t o  a  
f i n a l  c o n c e n t r a t i o n  o f  13% ( w / v ) .  S m a l l  v o lu m es  ( a p p r o x i m a t e l y  25/ x l )  
w e r e  t h e n  drawn up i n t o  g l a s s  c a p i l l a r y  t u b e s  an d  t h e s e  t u b e s ,  s e a l e d  
a t  b o t h  e n d s ,  s t o r e d  i n  l i q u i d  n i t r o g e n .  T h e s e  s o - c a l l e d  " s t a b i l a t e s "  
(Lumsden an d  H a r d y ,  19 6 5 )  w e r e  t h e n  u s e d  t o  p r o v i d e  v i a b l e  
t r y p a n o s o m e s  f o r  i n f e c t i o n  i n t o  r a t s  (Lumsden ,  1 9 7 2 )  when c e l l s  w e r e  
r e q u i r e d  f o r  e x p e r i m e n t a t i o n .
2 . 3 :  E s t i m a t i o n  o f  c e l l  n um bers
The number  o f  t r y p a n o s o m e s  p r e s e n t  i n  a  s a m p l e  was e s t i m a t e d  by
m i c r o s c o p i c  e x a m i n a t i o n  o f  a s u i t a b l y  d i l u t e d  s a m p l e  u s i n g  a 
G a l l e n k a m p  N e u b a u e r  h a e m o c y t o m e t e r - t y p e  c o u n t i n g  ch a m b e r .
2 . 4 :  I n f e c t i o n  o f  t h e  h o s t
C e l l s  f o r  i n j e c t i o n  i n t o  t h e  h o s t  w e r e  o b t a i n e d  by d i l u t i o n  o f  
t h e  c o n t e n t s  o f  s e v e r a l  v i a l s  o f  s t a b i l a t e  e a c h  w i t h  2ml 
R i n g e r - p h o s p h a t e ( G ) b u f f e r .  The t r y p a n o s o m e s  w e r e  c o u n t e d  an d  a 
volume c o n t a i n i n g  1 x 1 0 ^ c e l l s  was i n j e c t e d  i n t r a p e r i t o n e a l l y  i n t o  a 
r a t  a p p r o x i m a t e l y  200g i n  w e i g h t .  I f  t h e  volume c o n t a i n i n g  t h e
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r e q u i r e d  number  o f  c e l l s  was g r e a t e r  t h a n  1m l ,  a f u r t h e r  v i a l  o f
s t a b i l a t e  was a d d e d  t o  t h e  e x i s t i n g  c e l l  s u s p e n s i o n  an d  t h e  t o t a l
v o lu m e  a d j u s t e d  u n t i l  t h e  c e l l s  w e r e  c o n t a i n e d  i n  a  vo lume
s u f f i c i e n t l y  s m a l l  f o r  an  i n j e c t i o n  c a u s i n g  no d i s c o m f o r t  t o  t h e  h o s t .
The h a r v e s t i n g  o f  t h e s e  c e l l s  71 h o u r s  p o s t - i n f e c t i o n  ( s e e  b e l o w )
8y i e l d e d  an  a v e r a g e  12ml b l o o d  p e r  r a t  a t  5 x 10 c e l l s / m l .
2 . 5 :  I s o l a t i o n  o f  t r y p a n o s o m e s  f rom t h e  h o s t
The m e t h o d  d e s c r i b e d  h e r e  was  a d a p t e d  f rom t h a t  o f  Lanham an d  
G o d f r e y  ( 1 9 7 0 ) .  A t  a p p r o x i m a t e l y  71 h o u r s  p o s t - i n f e c t i o n  t h e  h o s t  r a t  
was a n a e s t h e t i s e d  w i t h  d i e t h y l  e t h e r  an d  b l o o d  was w i t h d r a w n  f rom t h e  
b i f u r c a t i o n  o f  t h e  common i l i a c  a r t e r y  w i t h  t h e  a o r t a ,  s i t u a t e d  i n  t h e  
a b d o m i n a l  c a v i t y .  The b l o o d  was c o l l e c t e d  i n t o  a  s y r i n g e  o f  20ml 
vo lum e i n t o  w h i c h  h a d  p r e v i o u s l y  b e e n  p l a c e d  1ml h e p a r i n  s o l u t i o n  
(200U/ml  R i n g e r - p h o s p h a t e  b u f f e r ) .  The b l o o d  was s p u n  i n  a BTL b e n c h  
c e n t r i f u g e  a t  800 x g f o r  t e n  m i n u t e s .
T ry p a n o s o m e s  sp u n  down a s  a w h i t e  " b u f f y  c o a t "  ab o v e  t h e  p a c k e d  
c e l l s  b u t  b e lo w  t h e  p l a s m a .  The p l a s m a  was re moved  by a s p i r a t i o n  a n d  
r e p l a c e d  w i t h  R i n g e r - p h o s p h a t e ( S G )  b u f f e r  t o  2 / 3  o f  t h e  p l a s m a  v o l u m e .  
The b u f f y  c o a t  was s u s p e n d e d  i n  t h i s  vo lume by g e n t l e  a g i t a t i o n  a n d  
was t h e n  t r a n s f e r r e d  t o  a c l e a n  t u b e  an d  c e n t r i f u g e d  a s  b e f o r e .  T h i s  
w a s h i n g  p r o c e d u r e  was r e p e a t e d  s e v e r a l  t i m e s  b e f o r e  r e s u s p e n d e d  c e l l s  
w e re  p l a c e d  o n t o  a Whatman D E A E - c e l l u l o s e  a n i o n - e x c h a n g e  co lu m n .  T h i s  
co lumn h a d  bee n  e q u i l i b r a t e d  w i t h  R i n g e r - p h o s p h a t e ( S G )  b u f f e r  an d  
t r y p a n o s o m e s  w e re  e l u t e d  w i t h  t h e  same b u f f e r .
T h i s  m e th o d  s e p a r a t e d  t r y p a n o s o m e s  from b l o o d  c o m p o n en t s  by
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v i r t u e  o f  d i f f e r i n g  s u r f a c e - c h a r g e , t h e  more  n e g a t i v e l y - c h a r g e d  b l o o d  
c e l l s  an d  p l a t e l e t s  b e i n g  r e t a i n e d  w h i l e  t r y p a n o s o m e s  w e r e  e l u t e d  a n d  
c o l l e c t e d  r e a d y  f o r  e x p e r i m e n t a l  w o rk .
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CHAPTER 3:  INVESTIGATION OF THE AEROBIC/ANAEROBIC TRANSITION OF 
GLUCOSE METABOLISM IN TRYPANOSOMA BRUCEI
3 . 1 :  M e t h o d s  u s e d
3 . 1 . 1 :  The i n c u b a t i o n  o f  t r y p a n o s o m e s  u n d e r  v a r y i n g  ox y g en  t e n s i o n s
The m e t a b o l i s m  o f  t r y p a n o s o m e s  u n d e r  c o n d i t i o n s  i n t e r m e d i a t e  t o
t h e  two e x t r e m e s ,  t o t a l  a e r o b i o s i s  an d  t o t a l  a n a e r o b i o s i s ,  was
i n v e s t i g a t e d  by t h e  i n c u b a t i o n  o f  t r y p a n o s o m e s  u n d e r  c o n d i t i o n s  o f
v a r y i n g  o xygen  t e n s i o n  an d  t h e  s u b s e q u e n t  a s s a y ,  o v e r  a t i m e  c o u r s e ,
o f  t h e  p r o d u c t s  o f  m e t a b o l i s m .
I n i t i a l  i n v e s t i g a t i o n s  w e r e  c a r r i e d  o u t  u s i n g  a R a n k - t y p e  C l a r k
e l e c t r o d e  ( F i g u r e  1 2 a )  w i t h  an  a t t a c h e d  c h a r t  r e c o r d e r .  A 2ml a l i q u o t
o f  R o s w e l l  P a r k  M e m o r i a l  I n s t i t u t e  medium,  F o r m u l a t i o n  1640 (RPMI
medium 1 6 4 0 ) ,  pH 7 . 4  a n d  c o n t a i n i n g  102 ( w / v )  h o r s e  s e r u m ,  was
e q u i l i b r a t e d  t o  37°C i n  t h e  e l e c t r o d e  r e a c t i o n  v e s s e l  w i t h  t h e
r e l e v a n t  m i x t u r e  o f  ox y g en  an d  n i t r o g e n  b e i n g  i n t r o d u c e d  i n t o  t h e
medium v i a  a  s y r i n g e  n e e d l e  " c a n n u l a "  p r i o r  t o  commencement  o f  t h e
e x p e r i m e n t .  A p e l l e t  c o n t a i n i n g  s u f f i c i e n t  t r y p a n o s o m e s  t o  g i v e  a
8f i n a l  c o n c e n t r a t i o n  o f  1 x 10 c e l l s / m l  was r e s u s p e n d e d  i n  0 .5 m l  RPMI 
medium 1640 an d  i n t r o d u c e d  i n t o  t h e  r e a c t i o n  v e s s e l  by r e m o v a l  o f  t h e  
r u b b e r  b u n g ,  t h i s  o p e r a t i o n  b e i n g  p e r f o r m e d  a s  q u i c k l y  a s  p o s s i b l e .
As i n c u b a t i o n s  w e r e  p e r f o r m e d  u s i n g  t h i s  a p p a r a t u s ,  s e v e r a l  
p r o b l e m s  w e r e  e x p e r i e n c e d  and  a d j u s t m e n t s  made t o  t h e  s y s t e m  i n  an  





1) The i n i t i a l  pH o f  t h e  RPMI medium 1640 was a d j u s t e d  t o  8 . 1  i n  o r d e r  
t h a t  any f a l l  i n  pH due t o  t h e  p r o d u c t i o n  o f  p y r u v a t e  d u r i n g  t h e  
p e r i o d  o f  i n c u b a t i p n  a d v e r s e l y  a f f e c t e d  n e i t h e r  c e l l  num ber s  n o r  
t h e  o b s e r v e d  r a t e  o f  g l y c o l y s i s  (B ro h n  a n d  C l a r k s o n ,  1 9 8 0 ) .  T h a t  
t h i s  was so  was d e t e r m i n e d  e x p e r i m e n t a l l y  ( s e e  b e l o w ) .
2)  The p r e s e n c e  o f  10% ( w / v )  h o r s e  ser um  i n  t h e  i n c u b a t i o n  medium l e d  
t o  f r o t h i n g  an d  t h e  c o n s e q u e n t  s e e p a g e  o f  medium from t h e  r e a c t i o n  
v e s s e l  v i a  t h e  g a s - e s c a p e  c a n n u l a .  The s u b s t i t u t i o n  o f  b o v i n e  
se rum  a l b u m i n  (BSA) a t  a c o n c e n t r a t i o n  o f  150mg/100ml (150mg%) l e d  
t o  a r e d u c t i o n  i n  t h e  e x t e n t  o f  fo a m in g  w h i c h  o c c u r r e d .
3)  F r o t h i n g  was f u r t h e r  r e d u c e d  by t h e  i n t r o d u c t i o n  o f  t h e  g a s  m i x t u r e  
v i a  t h e  c a n n u l a  i n t o  t h e  s p a c e  a b o v e  t h e  i n c u b a t i o n  medium r a t h e r  
t h a n  d i r e c t l y  i n t o  t h e  medium i t s e l f .
4 )  The 0 . 5 m l  vo lume o f  RPMI medium 1640 i n  w h i c h  t h e  t r y p a n o s o m e s  w e re  
i n t r o d u c e d  i n t o  t h e  r e a c t i o n  v e s s e l  was i t s e l f  p r e - e q u i l i b r a t e d  t o  
37°C an d  t h e  r e q u i r e d  o x ygen  t e n s i o n .  The d e v i a t i o n  from t h a t  
ox y g en  t e n s i o n ,  a s  shown by t h e  t r a c e  on t h e  a s s o c i a t e d  c h a r t  
r e c o r d e r ,  was 1 / 1 0  o f  t h a t  s e e n  when no p r e - g a s s i n g  was c a r r i e d  o u t  
an d  t h e  t i m e  t a k e n  f o r  t h e  i n c u b a t i o n  m i x t u r e  t o  r e t u r n  t o  t h e  
r e q u i r e d  o xygen  t e n s i o n  was s i m i l a r l y  o n l y  1 / 1 0  o f  t h a t  p r e v i o u s l y  
e x p e r i e n c e d .
5 )  I n  o r d e r  t h a t  t h e  o xygen  t e n s i o n  o f  t h e  medium s h o u l d  be  e a s i e r  t o  
m a i n t a i n ,  t h e  t r y p a n o s o m e  d e n s i t y  was r e d u c e d  t o  a  f i n a l
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c o n c e n t r a t i o n  o f  5 x 1 0 ^ / m l .
A l t h o u g h  t h e  a b o v e  r e f i n e m e n t s  l e d  t o  more  r e l i a b l e  r e s u l t s  b e i n g  
o b t a i n e d  o t h e r  p r o b l e m s  p r o v e d  l e s s  s i m p l e  t o  s o l v e .  The c o n s i d e r a b l e  
d e p l e t i o n  o f  t h e  i n c u b a t i o n  vo lum e upon t h e  r e m o v a l  o f  up t o  f o u r  
s a m p l e s , e a c h  o f  s u f f i c i e n t  vo lum e  f o r  c e l l  c o u n t s  an d  p y r u v a t e  an d  
g l y c e r o l  a s s a y s  t o  be  p e r f o r m e d  upon them ,  f i n a l l y  l e d  t o  t h e  
d i s c o n t i n u a t i o n  o f  u s e  o f  t h e  C l a r k  e l e c t r o d e  an d  t h e  d e s i g n  an d  
m a n u f a c t u r e  o f  a more  s u i t a b l e  p i e c e  o f  e q u i p m e n t  ( F i g u r e  1 2 b ) .
The m u l t i - n e c k e d  g l a s s  f l a s k  p r o d u c e d  i n c o r p o r a t e d  a p r o b e - t y p e  
o x y g en  e l e c t r o d e  (Model 5 0 7 ,  LH F e r m e n t a t i o n  L t d . ,  S t o k e  P o g e s ,
B u c k s . )  w i t h  an  a s s o c i a t e d  m e t e r .  T h i s  e l e c t r o d e  was more  s e n s i t i v e  
t o  c h a n g e s  i n  ox yg en  t e n s i o n  an d  was a l s o  more  q u i c k  t o  r e a c t  t o  t h e s e  
f l u c t u a t i o n s  t h a n  t h e  C l a r k  e l e c t r o d e .  P u b l i s h e d  v a l u e s  f o r  t h e  i n  
v i v o  ox y g en  t e n s i o n s  o f  t h e  human b l o o d  ( C a n t a r o w  a n d  T ru m p e r ,  1 9 6 2 )  
s u g g e s t e d  t h a t  t h e  i n v e s t i g a t i o n  o f  m e t a b o l i s m  o v e r  a  r a n g e  o f  
r e l a t i v e l y  low ox ygen  c o n c e n t r a t i o n s  w o u l d  be  r e a l i s t i c  an d  t o  t h i s  
end a m i x t u r e  o f  n i t r o g e n  an d  a i r  was s u b s t i t u t e d  f o r  an 
o x y g e n / n i t r o g e n  m i x t u r e ,  t h e  f o r m e r  m e a n i n g  t h a t  low v a l u e s  f o r  o x y g e n  
t e n s i o n  w e r e  m ore  e a s i l y  a c h i e v e d .  The i n c o m i n g  m i x t u r e s  o f  n i t r o g e n  
and a i r  i n  t h e  c o r r e c t  p r o p o r t i o n s  w e r e  h u m i d i f i e d  p r i o r  t o  e n t e r i n g  
t h e  r e a c t i o n  v e s s e l  by b e i n g  b u b b l e d  t h r o u g h  two 1 0 0 ml v o lu m es  o f  
w a t e r ,  b o t h  m a i n t a i n e d  a t  37°C.
The vo lume o f  t h e  i n c u b a t i o n  m i x t u r e  was r a i s e d  t o  75ml a t  a 
d e n s i t y  o f  2 x 10^ c e l l s / m l .  The i n c u b a t i o n  medium was a g a i n  RPMI 
medium 1640 a t  pH 8 . 1 .  P r o t e i n  was i n c o r p o r a t e d  a s  BSA a t  150mg%, 
t h i s  c o n c e n t r a t i o n  b e i n g  fo u n d  t o  be s u f f i c i e n t  t o  p r e v e n t  c e l l  l y s i s
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and t o  m a i n t a i n  t h e  r a t e  o f  g l y c o l y s i s .  To e a c h  75ml volume was 
a d d e d  3 0 p l  a n t i - f o a m  (BDH C h e m i c a l s ,  P o o l e ,  E n g l a n d )  d i l u t e d  1 / 1 0  w i t h  
d i s t i l l e d  w a t e r  p r i o r  t o  u s e  (B ro h n  a n d  C l a r k s o n ,  1 9 7 8 ) .  The f l a s k  
was h e l d  i n  a w a t e r - b a t h  a t  37°C t h r o u g h o u t  e a c h  e x p e r i m e n t  an d  t h e  
RPMI medium 1640 was p r e - i n c u b a t e d  t o  t h i s  t e m p e r a t u r e  and 
e q u i l i b r a t e d  w i t h  t h e  r e q u i r e d  g a s  m i x t u r e  b e f o r e  t h e  a d d i t i o n  o f  
t r y p a n o s o m e s .  The t r y p a n o s o m e s ,  w h i c h  h ad  b e e n  e l u t e d  f rom a 
D E A E - c e l l u l o s e  co lum n  w i t h  R i n g e r - p h o s p h a t e ( S G )  b u f f e r ,  w e r e  
c e n t r i f u g e d  a t  800 x g f o r  t e n  m i n u t e s  a t  4°C an d  t h e  r e s u l t i n g  p e l l e t  
r e s u s p e n d e d  i n  1ml o f  t h e  p r e - e q u i l i b r a t e d  RPMI medium 1640 w h i c h  was 
w i t h d r a w n  f rom t h e  f l a s k  v i a  t h e  l a r g e - b o r e  s y r i n g e  n e e d l e .  T h i s  
s u s p e n s i o n ,  i n t r o d u c e d  s l o w l y  i n t o  t h e  i n c u b a t i o n  medium by t h e  same 
r o u t e ,  c a u s e d  m i n i m a l  f l u c t u a t i o n  i n  t h e  oxy gen  t e n s i o n  o f  t h e  medium.  
At  e a c h  o f  s e v e r a l  p r e - d e t e r m i n e d  t i m e s  a 1ml s a m p le  was w i t h d r a w n  v i a  
t h e  s y r i n g e  n e e d l e .  A s m a l l  vo lum e was r e t a i n e d  f o r  e s t i m a t i o n  o f  
c e l l  num bers  a n d  t h e  r e m a i n d e r  c e n t r i f u g e d  b r i e f l y  i n  a S a r s t e d t  
m i c r o f u g e .  The c e l l - f r e e  s u p e r n a t a n t  was f r o z e n  u n t i l  a s s a y .
S u b s e q u e n t  a s s a y  showed t h a t  e v e n  u n d e r  a e r o b i c  c o n d i t i o n s ,  w i t h  
1 0 0 % a i r  b e i n g  b u b b l e d  t h r o u g h  t h e  medium,  some g l y c e r o l  was a l w a y s  
p r e s e n t  i n  t h e s e  s a m p l e s  an d  so  t h e  t r y p a n o s o m e  d e n s i t y  was f u r t h e r  
r e d u c e d  t o  1 x 1 0 ^ c e l l s / m l  t o  m i n i m i s e  t h e  p o s s i b i l i t y  t h a t  o x y g en  
u t i l i s a t i o n  was f a s t e r  t h a n  t h e  r a t e  o f  s u p p l y  o r  t h a t  an  a n a e r o b i c  
m i c r o e n v i r o n m e n t  was b e i n g  c r e a t e d  a r o u n d  many o r  a l l  o f  t h e  
t r y p a n o s o m e s  due t o  " o v e r c r o w d i n g " .
F i g u r e  12 a:  The R a n k - t y p e  C l a r k o x y g e n  e l e c t r o d e
A,B -  c i r c u l a t i o n  i n  w a t e r  j a c k e t  
C -  i n c u b a t i o n  medium 
D -  e l e c t o d e s  
E -  m a g n e t i c  ' f l e a '
F -  g a s  e s c a p e  c a n n u l a  
G -  g a s  i n l e t
F i g u r e  12b:  The m u l t i - n e c k e d  f l a s k  d e s i g n e d  f o r  t h e  i n c u b a t i o n  o f
t r y p a n o s o m e s  u n d e r  v a r y i n g  ox ygen  t e n s i o n s .  The body o f  
t h e  f l a s k  was im mers ed  i n  a 37°C w a t e r - b a t h  t h r o u g h o u t
A -  p r o b e - t y p e  o x y g e n  e l e c t r o d e  
B -  m a g n e t i c  s t i r r i n g  a p p a r a t u s  
C -  g l a s s  s i n t e r  
D -  i n c u b a t i o n  m i x t u r e
E -  l a r g e - b o r e  s y r i n g e  n e e d l e  f o r  t h e  i n t r o d u c t i o n  o f  
t r y p a n o s o m e s  a n d  w i t h d r a w a l  o f  s a m p l e s  
F -  g a s  o u t l e t  





3 . 1 . 2 :  I n v e s t i g a t i o n  o f  t h e  m a i n t e n a n c e  o f  m e t a b o l i c  i n t e g r i t y  
d u r i n g  i n c u b a t i o n
The f o l l o w i n g  p r o c e d u r e  was u s e d  t o  d e t e r m i n e  w h e t h e r  t h e
metabolic integrity of the cells wa3 maintained throughout a period of
i n c u b a t i o n .  At  s u i t a b l e  t i m e - p o i n t s  d u r i n g  a n  i n c u b a t i o n ,  c a r r i e d  o u t
i n  t h e  m u l t i - n e c k e d  f l a s k  shown i n  F i g u r e  12b ,  5ml a l i q u o t s  w e r e
r em ove d  v i a  t h e  s y r i n g e  n e e d l e  an d  sp u n  i n  a BTL b e n c h  c e n t r i f u g e  a t
800 x g f o r  t e n  m i n u t e s .  The p e l l e t  o f  t r y p a n o s o m e s  was r e s u s p e n d e d
i n  1ml RFMI medium 1640 an d  t r a n s f e r r e d  t o  an  e p p e n d o r f  t u b e .  T h i s
s u s p e n s i o n  was s p u n  b r i e f l y  i n  a S a r s t e d t  m i c r o f u g e  an d  t h e  p e l l e t
r e s u s p e n d e d  i n  0 . 2 m l  RPMI medium 164 0 .  The r e s u l t i n g  c e l l  s u s p e n s i o n
was a d d e d  t o  1 .2 7 m l  R i n g e r - p h o s p h a t e  b u f f e r  i n  t h e  r e a c t i o n  v e s s e l  o f
a  p r e - c a l i b r a t e d  R a n k - t y p e  C l a r k  Oxygen e l e c t r o d e  ( F i g u r e  1 2 a ) .  A
b a s e - l i n e  was q u i c k l y  e s t a b l i s h e d  on t h e  a t t a c h e d  c h a r t  r e c o r d e r  an d
t h e n  30)i l  500mM g l u c o s e  s o l u t i o n  was a d d e d  v i a  a  s y r i n g e  n e e d l e  i n  t h e
a i r t i g h t  bung t o  y i e l d  a f i n a l  g l u c o s e  c o n c e n t r a t i o n  o f  lOmM i n  a
t o t a l  vo lume o f  1 . 5 m l .  The r a t e  o f  oxygen  c o n s u m p t i o n  was t h e n
c a l c u l a t e d  f rom t h e  t r a c e s  o b t a i n e d  f rom t h e  c h a r t  r e c o r d e r .  The
nu mber  o f  c e l l s  i n  e a c h  s a m p l e  was d e t e r m i n e d  an d  t h e  r a t e  o f  o x y g e n
8c o n s u m p t i o n  by 1 x  10  t r y p a n o s o m e s  c a l c u l a t e d .
3 . 1 . 3 :  The a s s a y  o f  p y r u v a t e  an d  g l y c e r o l
The q u a n t i t a t i v e  e s t i m a t i o n  o f  p y r u v a t e  an d  g l y c e r o l  p r o d u c e d  
d u r i n g  g l y c o l y s i s  was m o s t  c o n v e n i e n t l y  p e r f o r m e d  w i t h i n  a s i n g l e
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s y s t e m ,  t h e  r e a c t i o n s  o c c u r r i n g  b e i n g :
GKA) G l y c e r o l  + ATP -------------- ► a - g l y c e r o p h o s p h a t e  + ADP
PKB) ADP + p h o s p h o e n o l p y r u v a t e  ► ATP + p y r u v a t e
C) P y r u v a t e  + NADH + H+  -----> l a c t a t e  + NAD+
w h e r e  GK i s  g l y c e r o l  k i n a s e ,  PK i s  p y r u v a t e  k i n a s e  an d  LDH i s  l a c t a t e  
d e h y d r o g e n a s e .
The r e a c t i o n  was f o l l o w e d  s p e c t r o p h o t o m e t r i c a l l y  a t  340nm a n d  
25°C ,  e s t i m a t i n g  t h e  e x t e n t  o f  o x i d a t i o n  o f  NADH t o  NAD+, u s i n g  a 
d i g i t a l  PYE Unicam S P 8 - 1 0 0  UV s p e c t r o p h o t o m e t e r .  The a s s a y  s y s t e m ,  
a d a p t e d  from B erg m ey e r  ( 1 9 7 4 )  was a s  shown i n  T a b l e  1.
A s s a y  c o m p o n en t s  1 t o  3 w e r e  p l a c e d  i n t o  a  1ml p l a s t i c  c u v e t t e ,  
t h e  a b s o r b a n c e  n o t e d  an d  t h e  s a m p l e  a d d e d  t o  s t a r t  t h e  r e a c t i o n .  The 
r e a c t i o n  shown a s  r e a c t i o n  C i n  t h e  a b o v e  scheme  was t h e n  t a k i n g  p l a c e  
and  t h e  c o n c e n t r a t i o n  o f  p y r u v a t e  i n  t h e  s a m p l e  b e i n g  a s s a y e d .  The 
p o i n t  a t  w h i c h  no f u r t h e r  c h a n g e  i n  a b s o r b a n c e  was a p p a r e n t ,  
i n d i c a t i o n  t h a t  t h e  r e a c t i o n  was c o m p l e t e ,  was a l w a y s  w i t h i n  t h e  t e n  
m i n u t e s  g i v e n .  The a d d i t i o n  o f  an  a l i q u o t  o f  t h e  g l y c e r o l  
k i n a s e / p y r u v a t e  k i n a s e  s o l u t i o n  t o  t h e  same c u v e t t e  i n i t i a t e d  r e a c t i o n
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A an d  c o n s e q u e n t l y  r e a c t i o n s  B an d  C, an d  t h u s  t h e  q u a n t i t y  o f  
g l y c e r o l  i n  t h e  s a m p l e  was e s t i m a t e d  o v e r  a 15 m i n u t e  p e r i o d .
A l t h o u g h  t h e  r e a c t i o n  s e q u e n c e  h a d  n o t  r e a c h e d  c o m p l e t i o n  w i t h i n  t h i s  
t i m e ,  p r e p a r a t i o n  o f  an d  r e f e r e n c e  t o  s t a n d a r d  c u r v e s  i n d i c a t e d  t h a t  
t h e  e x t e n t  t o  w h i c h  t h e  r e a c t i o n  h a d  r u n  was p r o p o r t i o n a l  t o  t h e  
c o n c e n t r a t i o n  o f  g l y c e r o l  i n  t h e  s a m p l e  an d  t h e  p e r i o d  o f  t i m e  a l l o w e d  
f o r  t h e  r e a c t i o n  t o  r u n  was t h e r e f o r e  s a t i s f a c t o r y .  S t a n d a r d  
s o l u t i o n s  w e r e  p r e p a r e d  i n  RPMI medium 1640 u s i n g  s t o c k  lOmM s o l u t i o n s  
o f  p y r u v a t e  an d  g l y c e r o l  t o  y i e l d  f i n a l  c o n c e n t r a t i o n s  o f  e a c h  o f  
b e t w e e n  0 an d  1.5mM. I t  was a s c e r t a i n e d  t h a t  t h e  a s s a y  o f  n e i t h e r  
g l y c e r o l  n o r  p y r u v a t e  was a f f e c t e d  by t h e  r e l a t i v e  c o n c e n t r a t i o n  i n  
t h e  s a m p l e  o f  t h e  c o m p l e m e n t a r y  s u b s t r a t e .  S t a n d a r d  c u r v e s  w e r e  
c o n s t r u c t e d  f o r  e a c h  s e t  o f  a s s a y s  t h u s  t a k i n g  i n t o  a c c o u n t  c h a n g e s  i n  
t h e  t e m p e r a t u r e  o f  t h e  e n v i r o n m e n t  o r  s l i g h t  i n a c c u r a c i e s  i n  t h e  
p r e p a r a t i o n  o f  a s s a y  s o l u t i o n s .  B o th  s t a n d a r d s  an d  s a m p l e s  w e r e  
a s s a y e d  i n  d u p l i c a t e .  T y p i c a l  s t a n d a r d  c u r v e s  a r e  shown i n  F i g u r e  13.
3 . 1 . 4 :  The a s s a y  o f  g l u c o s e
The i n c u b a t i o n  medium u s e d ,  RPMI medium 16 40 ,  c o n t a i n e d  g l u c o s e  
a t  a c o n c e n t r a t i o n  o f  llmM ( 2 g / l i t r e )  a n d  i t  h a s  b e e n  e s t i m a t e d  t h a t  
T. b r u c e i  may consume g l u c o s e  a t  a  r a t e  o f  a p p r o x i m a t e l y  4 . 8  /nmol /1  x
g
10 c e l l s / h o u r  ( B r o h n  an d  C l a r k s o n ,  1 9 8 0 ) .  I t  i s  t h e r e f o r e  a p p a r e n t  
t h a t  t h e  a s s a y  s y s t e m  f o r  t h e  e s t i m a t i o n  o f  g l u c o s e  was r e q u i r e d  t o  be 
s u f f i c i e n t l y  s e n s i t i v e  an d  a c c u r a t e  t o  d e t e c t  t h e  s m a l l  c h a n g e s  i n  
g l u c o s e  c o n c e n t r a t i o n  l i k e l y  t o  o c c u r .
The s i m p l e  an d  w i d e l y - u s e d  c o l o r i m e t r i c  a s s a y  f o r  t h e  e s t i m a t i o n
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o f  g l u c o s e  w h i c h  i n v o l v e s  t h e  u s e  o f  g l u c o s e  o x i d a s e ,  p e r o x i d a s e  an d  
o - d i a n i s i d i n e  a s  an  i n d i c a t o r  ( K e s t o n ,  19 56)  u n f o r t u n a t e l y  p r o v e d  t o  
be  i n a c c u r a t e  an d  u n r e l i a b l e .  The a s s a y  s y s t e m  e v e n t u a l l y  u s e d  was  
t h a t  i n v o l v i n g  t h e  f o l l o w i n g  r e a c t i o n s :
A) G l u c o s e  + A T P ---------------- ► G l u c o s e - 6 - p h o s p h a t e  + ATP
B) G l u c o s e - 6 - p h o s p h a t e  + NAD* ,G6PDfi^ 6 - p h o s p h o g l u c o n a t e  + NADH + H+
w h e r e  HK i s  h e x o k i n a s e  an d  G6 PDH i s  g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e .  
The s y s t e m  u s e d  was a s  shown i n  T a b l e  2 ,  t h e  r e a c t i o n  b e i n g  c a r r i e d  
o u t  a t  25°C i n  a 1ml p l a s t i c  c u v e t t e  an d  f o l l o w e d  
s p e c t r o p h o t o m e t r i c a l l y  a t  340nm.
A l l  r e a g e n t s  w e r e  e q u i l i b r a t e d  a t  room t e m p e r a t u r e  e x c e p t  t h e  
enzyme s o l u t i o n  w h i c h  was k e p t  on i c e .  A s t a n d a r d  c u r v e  was 
c o n s t r u c t e d  on e a c h  o c c a s i o n  t h a t  s a m p l e s  w e r e  a s s a y e d ,  t h e  s t a n d a r d s  
b e i n g  p r e p a r e d  i n  d i s t i l l e d  w a t e r  o v e r  t h e  r a n g e  9 . 0  t o  11.5mM 
g l u c o s e .  I t  was e s t a b l i s h e d  t h a t  t h e  s l i g h t  p i n k  c o l o r a t i o n  o f  t h e  
s a m p le  d i d  n o t  a f f e c t  t h e  a b s o r b a n c e  o f  t h e  a s s a y  a t  340nm.
S a m p le s  an d  s t a n d a r d s  w e r e  a l l  a s s a y e d  i n  t r i p l i c a t e  w h i c h ,  
co m b in ed  w i t h  t h e  u s e  o f  a  C e c i l  CE588 High  P e r f o r m a n c e  M i c r o c o m p u t e r  
S c a n n i n g  s p e c t r o p h o t o m e t e r  w h i c h  r e a d  a b s o r b a n c e  v a l u e s  t o  t h r e e  
d e c i m a l  p l a c e s ,  l e d  t o  t h i s  m e t h o d  b e i n g  b o t h  a c c u r a t e  an d  
r e p r o d u c i b l e .  A t y p i c a l  s t a n d a r d  c u r v e  i s  shown a s  F i g u r e  14.
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T a b l e  1: Method f o r  t h e  e s t i m a t i o n  o f  p y r u v a t e  and g l y c e r o l
R e a g e n t  I n i t i a l c o n c e n t r a t  i o n Volume
1) B u f f e r ,  pH 7 . 6
T r i e t h a n o l a m i n e 0 . 4  M
EDTA 2. OmM 7 9 0p l
M 2+ Mg 4 .  OmM
K+ 4 . OmM
2) NADH 4 . OmM
ATP 5. OmM 100M1
P h o s p h o e n o l p y r u v a t e 5 . OmM
3) LDH 5U p e r  a s s a y 10M1
4)  Sample 10 /il
A f t e r  t e n  m i n u t e s  t h e  change  in  a b s o r b a n c e  (A^ ^ - At _ i o )  was n o t e d
3)  GK 5U p e r  a s s a y
PK 5U p e r  a s s a y 5p l
A f t e r  a f u r t h e r  15 m i n u t e s  t h e  
was n o t e d
ch an g e  in  a b s o r b a n c
8 (At=10 "  At = 2 5 )
50
T a b l e  2: A m e th o d  f o r  t h e  e s t i m a t i o n  o f  g l u c o s e
R e a g e n t  I n i t i a l  C o n c e n t r a t i o n  Volume
(mD
B u f f e r ,  pH 7 . 5 :
T r i e t h a n o l a m i n e  0 . 3  M
EDTA 2 . OmM 600
Mg2+ 4 . OmM
NAD+ 1 0 . OmM
ATP 5 0 . OmM 200
Sample D i l u t e d  1/5  w i t h  b u f f e r  100
An i n i t i a l  a b s o r b a n c e  (Aq ) v a l u e  was o b t a i n e d  a g a i n s t  a i r  
HK 1U p e r  a s s a y
G6PDH 1U p e r  a s s a y  100
A f t e r  25 m i n u t e s  t h e  a b s o r b a n c e  v e r s u s  a i r  was a g a i n  n o t e d  ( ^ 5 ) and 
t h e  chang e in  a b s o r b a n c e  (Aq -  A ^ )  u s e d  t o  e s t i m a t e  t h e  
c o n c e n t r a t i o n  o f  g l u c o s e  from a s t a n d a r d  c u r v e .
Figure 13: Typical standard curves used in the est imation of
a )  p y r u v a t e  and
b)  g l y c e r o l
A s i n g l e  s y s t e m  was u s e d  t o  e s t i m a t e  p y r u v a t e  an d  g l y c e r o l ,  t h e  
r e a c t i o n s  o c c u r r i n g  ( s e e  pag e  4 6 )  b e i n g  f o l l o w e d  
s p e c t r o p h o t o m e t r i c a l l y  a t  340nm a n d  25°C.  The a s s a y  s y s t e m  i s  
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Figure 14: A typical standard curve used in the estimation of glucose.
The a s s a y  s y s t e m  u s e d  i s  shown i n  T a b l e  2 on p a g e  50,  t h e  
r e a c t i o n  b e i n g  f o l l o w e d  a t  340nm a n d  25°C.
CHANGE IN ABSORBANCE AT 340nm  (units)
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3 . 2 :  R e s u l t s  o b t a i n e d
3 . 2 . 1 :  The a s s a y  o f  m e t a b o l i t e s
The a s s a y  o f  p y r u v a t e ,  g l y c e r o l  an d  g l u c o s e  f o r  e a c h  s e t  o f  
s a m p l e s  was a c c o m p a n i e d  by t h e  p r o d u c t i o n  o f  a s t a n d a r d  c u r v e  o b t a i n e d  
w i t h  t h e  same enzyme an d  c o -e n zy m e  s o l u t i o n s  u s e d  i n  t h e  a s s a y  o f  
e x p e r i m e n t a l  s a m p l e s .  A c o m p u t e r  p r o g r a m  was d e v i s e d  w h i c h  c a l c u l a t e d  
t h e  v a r i o u s  p a r a m e t e r s  f o r  e a c h  c u r v e  an d  a l s o ,  f rom e x p e r i m e n t a l  
v a l u e s ,  t h e  c o n c e n t r a t i o n  o f  s u b s t r a t e  p r e s e n t  a n d  a s t a n d a r d  e r r o r  
f o r  t h a t  c o n c e n t r a t i o n  i e  t h e  r a n g e  o f  p o s s i b l e  c o n c e n t r a t i o n s  i n  a 
s a m p l e .  I n  t h e  c a l c u l a t i o n  o f  t h e  g l y c e r o l : p y r u v a t e  r a t i o s  shown i n  
F i g u r e  15,  t h e  s t a n d a r d  e r r o r s  w e re  compounded u s i n g  f o r m u l a e  
w i d e l y - q u o t e d ,  by F a i r e s  a n d  P a r k e s  ( 1 9 6 4 )  f o r  e x a m p l e .
3 . 2 . 2 :  The m a i n t e n a n c e  o f  m e t a b o l i c  i n t e g r i t y
R a t e s  o f  ox y g en  c o n s u m p t i o n  w e r e  o b t a i n e d  a t  s e v e r a l  t i m e - p o i n t s  
d u r i n g  i n c u b a t i o n s  a t  v a r i o u s  ox y g e n  t e n s i o n s .  A l l  showed t h a t ,  u n d e r  
t h e  c o n d i t i o n s  u s e d ,  t h e  r a t e  o f  ox y g en  c o n s u m p t i o n  d i d  n o t  d e c r e a s e  
s i g n i f i c a n t l y  d u r i n g  t h e  p e r i o d  o f  i n c u b a t i o n .  T a b l e  3 shows a 
t y p i c a l  s e t  o f  r e s u l t s .
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T a b l e  3: The r a t e  o f  oxygen  c o n s u m p t i o n  by t r y p a n o s o m e s  i n c u b a t e d  a t
0 ,6% oxygen
Time a f t e r  s t a r t  o f  i n c u b a t i o n  
( m i n u t e s )
R a t e  o f  oxygen c o n s u m p t i o n
g
(n m o l /1  x 10 c e l l s / m i n )
1 4 4 . 6
30 4 2 . 8
60 3 7 .1
3 . 2 . 3 :  I n v e s t i g a t i o n  o f  t h e  t r a n s i t i o n  b e tw e en  a e r o b i c  and a n a e r o b i c  
g l y c o l y s i s
Samples  o f  medium from i n c u b a t i o n s  a t  v a r i o u s  oxygen t e n s i o n s  
were  t a k e n  a t  s e v e r a l  t i m e s  d u r i n g  t h e  e x p e r i m e n t  and a s s a y e d  f o r  t h e  
p r e s e n c e  o f  p y r u v a t e  and g l y c e r o l  and t h e  d i s a p p e a r a n c e  o f  g l u c o s e .
The r e s u l t s  o b t a i n e d  a r e  shown in  F i g u r e  15, p l o t t e d  a s  t h e  r a t i o  o f  
g l y c e r o l : p y r u v a t e  p r o d u c e d  a f t e r  60 m i n u t e s  i n c u b a t i o n .  The c h o i c e  o f  
60 m i n u t e s  as  t h e  p e r i o d  o f  i n c u b a t i o n  a t  w h ich  t h e  r a t i o  was 
c a l c u l a t e d  was a r b i t r a r y ,  t h e  r a t i o  h a v i n g  been  d e t e r m i n e d  as  
i n d e p e n d e n t  o f  s a m p l i n g - t i m e  b e tw e e n  30 and 75 m i n u t e s .  F i g u r e s  16 a ,  
b and c show c o m p o s i t e  r e s u l t s  o b t a i n e d  from i n c u b a t i o n s  a t  t h r e e  
d i f f e r e n t  oxygen t e n s i o n s .  The r a t e  o f  p r o d u c t i o n  o f  g l y c e r o l  p l u s  
p y r u v a t e  was v e r y  s i m i l a r  a t  e a c h  oxyg en  t e n s i o n  and u n d e r  a n a e r o b i c  
c o n d i t i o n s  g l y c e r o l  and p y r u v a t e  w e re  p r o d u c e d  a t  a p p r o x i m a t e l y  e q u a l
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r a t e s .  A t  h i g h e r  o x y g en  t e n s i o n s ,  p y r u v a t e  became t h e  m a j o r  p r o d u c t  
b u t  g l y c e r o l  was a l w a y s  p r o d u c e d  i n  s m a l l  b u t  s i g n i f i c a n t  a m o u n t s .  I t  
h a s  b ee n  r e p o r t e d  by O p p e r d o e s  e t  a l . ( 1 9 7 6 )  t h a t  g l u c o s e  i s  u t i l i s e d  
a t  t h e  same r a t e  u n d e r  a e r o b i c  an d  a n a e r o b i c  c o n d i t i o n s  a n d ,  a l t h o u g h  
n o t  r e p r e s e n t e d  i n  F i g u r e  16,  w i t h i n  t h e  l i m i t s  o f  e x p e r i m e n t a l  e r r o r  
t h e  sum o f  t h e  am o u n ts  o f  p y r u v a t e  a n d  g l y c e r o l  consum ed  a c c o u n t e d  f o r  
t h e  q u a n t i t y  o f  g l u c o s e  consum ed  a t  e v e r y  o x y g en  t e n s i o n .
The c u r v e  i n  F i g u r e  15 was f i t t e d  t o  t h e  m o d e l  d e s c r i b e d  b e l o w .  
The f o l l o w i n g  a s s u m p t i o n s  w e r e  made:
1)  T h a t  t h e  r a t e  o f  u t i l i s a t i o n  o f  g l u c o s e  was c o n s t a n t  a t  a l l  ox y g en  
t e n s i o n s ,  t h i s  h a v i n g  b e e n  p r o v e d  e x p e r i m e n t a l l y  t o  be  s o ,  a n d  
c o n s e q u e n t l y ,
2 ) t h a t  t h e  t o t a l  c o n c e n t r a t i o n  o f  p y r u v a t e  a n d  g l y c e r o l  p r o d u c e d  was 
a l s o  c o n s t a n t  a t  a l l  o x y g e n  t e n s i o n s .
A e r o b i c  g l y c o l y s i s  was r e p r e s e n t e d  t h u s :
G l u c o s e  + 0 ^ ------ ► 2 p y r u v a t e  + 211^0 ( r e a c t i o n  1)
and a n a e r o b i c a l l y ,
G l u c o s e  > p y r u v a t e  + g l y c e r o l  ( r e a c t i o n  2 )
Then V = t h e  maximum r a t e  o f  p y r u v a t e  p r o d u c t i o n  v i a  t h e  a e r o b i c  
p a th w ay  ( r e a c t i o n  1 ) a t  f u l l  ox y g en  s a t u r a t i o n ,  a n d  a l s o  t h e  r a t e  o f
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g l y c e r o l  p l u s  p y r u v a t e  p r o d u c t i o n  a t  a l l  l e v e l s  o f  a e r o b i o s i s ,
a n d  v = t h e  r a t e  o f  p y r u v a t e  p r o d u c t i o n  v i a  t h e  a e r o b i c  p a th w a y  
( r e a c t i o n  1 ) a t  submaxi inal  o xygen  t e n s i o n s .
As i t  was a s s u m e d  t h a t  g l u c o s e  was consumed a t  t h e  same r a t e  u n d e r  a l l  
o x y g e n  t e n s i o n s  t h e n  t h e  r a t e  o f  g l y c e r o l  o r  p y r u v a t e  p r o d u c t i o n  a t  
any  l e v e l  o f  a n a e r o b i o s i s  v i a  t h e  a n a e r o b i c  p a th w a y  ( r e a c t i o n  2 ) was
(V -  v )
2
Then
( g l y c e r o l )  = V -  v
( g l y c e r o l )  + ( p y r u v a t e )  2V
R e a r r a n g e d ,  t h i s  r e a c t i o n  becomes  e q u a t i o n  1:
( g l y c e r o l )  = V -  v
( p y r u v a t e )  V + v
I t  was a s s u m e d  t h a t  t h e  d e p e n d e n c e  o f  t h e  r a t e  o f  p y r u v a t e  p r o d u c t i o n  
a e r o b i c a l l y  ( v i a  r e a c t i o n  1)  on o xygen  c o n c e n t r a t i o n  was M i c h a e l i a n  i e
v = V (0 2 )
K + (02 )
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w h e r e  K i s  t h e  "K " f o r  t h e  a e r o b i c  p a t h w a y .  S u b s t i t u t i o n  f o r  v i n  
e q u a t i o n  1 y i e l d e d  t h e  f o l l o w i n g :
( g l y c e r o l )  = K
( p y r u v a t e )  K + 2 ( 0 ^ )
w h i c h  t e n d s  t o  z e r o  when t h e  o x y g en  c o n c e n t r a t i o n  i s  h i g h  a n d  becomes  
u n i t y  when t h e  ox y g en  c o n c e n t r a t i o n  i s  z e r o .  I n  f a c t  t h e  a c t u a l  
e q u a t i o n  t o  w h i c h  t h e  c u r v e  was f i t t e d ,  by t h e  m e th o d  o f  l e a s t  
s q u a r e s ,  was
( g l y c e r o l )  = K + C
( p y r u v a t e )  K + 2 ( 0 ^ )
w h e r e  C was a  c o n s t a n t  i n c l u d e d  t o  c o r r e c t  f o r  t h e  s m a l l  b u t  
s i g n i f i c a n t  amount  o f  g l y c e r o l  fo u n d  i n  e v e r y  i n c u b a t i o n  c a r r i e d  o u t .  
From t h e s e  r e s u l t s  ( F i g u r e  15)  t h e  v a l u e  o b t a i n e d  f o r  K was 3 . 6  + 
0.8mmHg, c o r r e s p o n d i n g  t o  an  a p p r o x i m a t e  ox y g en  c o n c e n t r a t i o n  o f  5 . 0  
MM.
F i g u r e  15:  The r a t i o  o f  g l y c e r o l : p y r u v a t e  c o n c e n t r a t i o n s  p r o d u c e d  by
T. b r u c e i  i n c u b a t e d  i n  RPMI medium 1640 w i t h  llmM g l u c o s e  
a t  v a r i o u s  o x y g e n  t e n s i o n s  ( s e e  p a g e  40 f o r  e x p e r i m e n t a l  
d e t a i l s ) .  The i n c u b a t i o n  medium was m a i n t a i n e d  a t  37°C 
t h r o u g h o u t  a n d  s a m p l e s  r em oved  an d  r e n d e r e d  c e l l - f r e e  f o r  
a s s a y .  The g r a p h  o p p o s i t e  r e p r e s e n t s  t h e  r e s u l t s  o b t a i n e d  
























PARTIAL PRESSURE OF OXYGEN, mmHg
75 17525
F i g u r e  16: The p r o d u c t i o n  o f  g l y c e r o l  (O) a n d  p y r u v a t e  (□ )  from 
g l u c o s e  (A) by T.  b r u c e i  a t  o x ygen  t e n s i o n s  o f
a )  OmmHg
b)  16mmHg
c )  160tnmHg
T r y p a n o s o m e s  w e r e  i n c u b a t e d  a t  a  c o n c e n t r a t i o n  o f  10^/ tn l  i n  
75ml RPMI medium 164 0 ,  pH 8 . 1 ,  a t  37°C i n  a  m u l t i - n e c k e d  
f l a s k  ( F i g u r e  12b )  u n d e r  e a c h  o f  t h e  a b o v e  o xygen  t e n s i o n s .  
P r o t e i n  was i n c o r p o r a t e d  a s  BSA a t  150mg%. S am p le s  w e r e  
r emoved  a f t e r  15 ,  30 ,  45 an d  60 m i n u t e s  i n c u b a t i o n  an d ,  
h a v i n g  b een  r e n d e r e d  c e l l - f r e e ,  a s s a y e d  f o r  c o n c e n t r a t i o n s  
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CHAPTER 4: THE PURIFICATION OF TRYPANOSOMAL a-GPDH
4 . 1 :  The r o u t i n e  a s s a y  o f  NAD*-1inked a-GPDH a c t i v i t y
The am oun t  o f  a-GPDH a c t i v i t y  i n  any e x t r a c t  was m o s t  
c o n v e n i e n t l y  m e a s u r e d  s p e c t r o p h o t o m e t r i c a l l y , f o l l o w i n g  t h e  o x i d a t i o n  
o f  NADH a t  340nm a n d  25°C:
DHAP + a-NADH + H+ > a-GP + NAD+
P r e v i o u s  w o r k e r s  h a v e  s u g g e s t e d  v a r i o u s  a s s a y  s y s t e m s  ( G r a n t  an d  
S a r g e n t ,  196 0;  R e y n o l d s ,  1975;  M i s s e t  an d  O p p e r d o e s ,  1 984)  b u t  t h a t  
u s e d ,  s i n c e  i t  g a v e  an  a c c e p t a b l e  r a t e  a n d  was b o t h  i n e x p e n s i v e  an d  
s i m p l e ,  was a s  f o l l o w s :
50mM p h o s p h a t e  b u f f e r  c o n t a i n i n g  8mM MgCl^,  pH 7 . 4  ( 9 0 0 - x ) j i l
2raM NADH
5mM DHAP 100/ il
E x t r a c t  t o  s t a r t  r e a c t i o n  x/ i l
w h e re  t h e  vo lume o f  e x t r a c t  ( x )  r e q u i r e d  was u s u a l l y  b e t w e e n  10 an d  50 
jaI .  The t o t a l  a s s a y  vo lume was 1ml . T h r o u g h o u t  t h i s  w ork ,  one  u n i t  o f  
enzyme a c t i v i t y  i s  d e f i n e d  a s  t h e  amount  o f  enzyme r e q u i r e d  t o  
c a t a l y s e  t h e  f o r m a t i o n  o f  l^m ol  NAD+ i n  one m i n u t e  u n d e r  t h e  
c o n d i t i o n s  d e s c r i b e d  a b o v e .
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4 . 2 :  D e t e r m i n a t i o n  o f  p r o t e i n  c o n c e n t r a t i o n
The c o n c e n t r a t i o n  o f  p r o t e i n  i n  an y  s o l u t i o n  was d e t e r m i n e d  by 
one o f  two m e t h o d s ,  t h e  f i r s t  b e i n g  t h a t  d e s c r i b e d  by Lowry e t  a l . 
( 1 9 5 1 ) .  A l t h o u g h  w i d e l y  u s e d ,  t h i s  m e t h o d  h a s  c e r t a i n  d i s a d v a n t a g e s ,  
one  o f  w h i c h  b e i n g  t h a t  i t  i s  t i m e - c o n s u m i n g  p a r t i c u l a r l y  d u r i n g  t h e  
i n i t i a l  s t a g e s  o f  an  enzyme p u r i f i c a t i o n  when a s u i t a b l e  s a m p l e  vo lume 
may n o t  i m m e d i a t e l y  be  a p p a r e n t .  I n  o r d e r  t o  o v e r co m e  t h i s ,  a  s e c o n d  
m e t h o d  was u s e d ,  b a s e d  on t h e  d y e - b i n d i n g  m e t h o d  o f  B r a d f o r d  ( 1 9 7 6 ) .  
The s o - c a l l e d  ' B i o - R a d '  m e t h o d  i s  a q u i c k ,  s i m p l e  o n e - s t e p  r e a c t i o n  
( B i o - R a d  P r o t e i n  A s s a y  I n s t r u c t i o n  M a n u a l ,  1 9 8 4 ) .
A l t h o u g h  f o r  b o t h  m e t h o d s  u s e  was made o f  b o v i n e  ser um a l b u m i n  
f o r  p r e p a r a t i o n  o f  a s t a n d a r d  c u r v e  ( F i g u r e  1 7 ) ,  a  g i v e n  s a m p l e  
y i e l d e d  s i g n i f i c a n t l y  d i f f e r e n t  a p p a r e n t  p r o t e i n  c o n c e n t r a t i o n s  when 
a s s a y e d  by e i t h e r  m e t h o d .  I t  h a s  b e e n  shown t h a t  t h e  m e t h o d  o f  Lowry 
e t  a l .  ( 1 9 5 1 )  i s  t h e  m o re  a c c u r a t e  ( B i o - R a d  P r o t e i n  A s s a y  I n s t r u c t i o n  
M a n u a l ,  19 84)  an d  was t h e r e f o r e  u s e d  d u r i n g  t h i s  w o rk  when a b s o l u t e  
p r o t e i n  c o n c e n t r a t i o n s  w e re  r e q u i r e d .  When r e l a t i v e  v a l u e s  w e r e  
a d e q u a t e  h o w e v e r ,  t h e  m o r e  c o n v e n i e n t  B io - R a d  a s s a y  was u s e d .  No 
c o m p a r i s o n  h a s  b e e n  made o f  t h e  p r o t e i n  c o n c e n t r a t i o n s  o b t a i n e d  from 
t h e  two m e t h o d s .
F i g u r e  17: S t a n d a r d  c u r v e s  f o r  t h e  e s t i m a t i o n  o f  p r o t e i n  by t h e  m e t h o d  
o f
a )  B r a d f o r d  ( 1 9 7 6 )







































25 750 5 0 100
PROTEIN IN SAMPLE ( Mg m l " 1)
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4 . 3 :  D i s r u p t i o n  m e t h o d s
I n  o r d e r  t o  o p t i m i s e  t h e  y i e l d  a n d / o r  s p e c i f i c  a c t i v i t y  o f  a-GPDH
from a  g i v e n  number  o f  c e l l s ,  s e v e r a l  m e t h o d s  o f  c e l l  d i s r u p t i o n  w e re
a t t e m p t e d ,  t h e  c h o i c e  o f  w h i c h  w e re  b a s e d  upon t h e  work o f  O duro  e t  a l . 
( 1 9 8 0 a , b ) .  T h r e e  o f  t h e  t r e a t m e n t s  u s e d  w e re  s i m i l a r  an d  a r e  
d e s c r i b e d  t o g e t h e r  b e lo w :
a )  i n c u b a t i o n  w i t h  0.5% ( w / v )  S a p o n i n
b )  i n c u b a t i o n  w i t h  0.5% ( w / v )  T r i t o n  X-100
c )  i n c u b a t i o n  w i t h o u t  d e t e r g e n t .
T h e s e  t r e a t m e n t s  w e r e  c a r r i e d  o u t  a s  f o l l o w s :  t r y p a n o s o m e s  w e r e  
c o l l e c t e d  f rom a D E A E - c e l l u l o s e  co lumn an d  t h e  b u f f e r  i n  w h i c h  t h e y  
w e re  e l u t e d  sp u n  o f f .  The r e s u l t i n g  p e l l e t  o f  w h o l e  c e l l s  was 
r e s u s p e n d e d  i n  5ml d i s r u p t i o n  b u f f e r  w i t h  t h e  t r e a t m e n t  a d d e d  w h e r e  
r e q u i r e d .  The d i s r u p t i o n  b u f f e r  c o m p r i s e d :
2 5 . OmM T r i s - H C l  
l.OmM EDTA
0.5mM PMSF(added f rom a  lOOmM s t o c k  
s o l u t i o n  i n  a c e t o n e )  
l.OmM DTT ( a d d e d  p r i o r  t o  u s e )
0.25M s u c r o s e  ( a d d e d  p r i o r  t o  u s e )  
p l u s  t h e  r e l e v a n t  t r e a t m e n t  a d d e d  a s  a 
5% ( w / v )  s o l u t i o n  i n  25mM T r i s - H C l  
b u f f e r
F i n a l  pH 7 . 8
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The c e l l s  w e re  i n c u b a t e d  i n  t h e  b u f f e r  f o r  30 m i n u t e s  i n  i c e  w i t h  
o c c a s i o n a l  g e n t l e  a g i t a t i o n  an d  t h e  p r o c e d u r e  was t h e n  c o n t i n u e d  a s  i n  
F i g u r e  18a .
A f o u r t h  t r e a t m e n t  i n v o l v e d  t h e  d i s r u p t i o n  o f  t r y p a n o s o m e s  by 
g r i n d i n g  w i t h  s i l i c o n  c a r b i d e  ( S i C )  ( G r a d e  C 6 - F 4 0 0 ,  The C a rb o r u n d u m  
C o . ,  M a n c h e s t e r ,  E n g l a n d )  a s  shown i n  F i g u r e  18b.  The a c t i v i t i e s  
o b t a i n e d  a t  v a r i o u s  s t a g e s  a r e  shown a s  F i g u r e  19,  e a c h  t r e a t m e n t  
b e i n g  p e r f o r m e d  w i t h  t h e  same number  o f  t r y p a n o s o m e s .  The m o s t  
p r o m i s i n g  d i s r u p t i o n  m e th o d  p r o v e d  t o  be t h e  g r i n d i n g  o f  t h e  c e l l s
w i t h  SiC a s  an  a b r a s i v e ,  t h e  p e l l e t  from t h e  1 4 , 0 0 0  x g s p i n  t r e a t e d
w i t h  T r i t o n  X -1 00  ( 1 4 . 5 K P ( T ) )  b e i n g  t h e  m o s t  a c t i v e  f r a c t i o n .  When
s e v e r a l  d i f f e r e n t  1 4 .5 K P ( T )  s a m p l e s  w e r e  r u n  on 10% ( w / v )
S D S - p o l y a c r y l a m i d e  g e l s  t h e y  w e r e  a l l  s e e n  t o  h a v e  a s i m i l a r  b a n d i n g  
p a t t e r n  b u t  t h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e  b an d s  d i f f e r e d .  I n  an
a t t e m p t  t o  ' s t a n d a r d i s e '  t h e  c o m p o s i t i o n  o f  t h e  v a r i o u s  e x t r a c t s
t r y p a n o s o m e s  w e re  g r o u n d  w i t h  SiC i n  a  B raun  M i l l  h o m o g e n i s e r .  A f i v e  
s e c o n d  d i s r u p t i o n  was fo u n d  t o  be a d e q u a t e  f o r  no l i v e  c e l l s  t o  be 
v i s i b l e  m i c r o s c o p i c a l l y .  P r i o r  t o  an d  f o l l o w i n g  d i s r u p t i o n  o f  t h e  
c e l l s  t h e  p r o c e d u r e  was a s  i n  F i g u r e  18b.
Sam ples  w e r e  a s s a y e d  a t  v a r i o u s  s t a g e s  o f  t h e  p u r i f i c a t i o n  f o r  
b o t h  a-GPDH a c t i v i t y  an d  p r o t e i n  c o n c e n t r a t i o n ,  t h e  r e s u l t s  b e i n g  
com p ared  w i t h  t h e  same s t a g e  o f  a h a n d - g r o u n d  e x t r a c t ,  e a c h  s a m p l e  
i n i t i a l l y  c o n t a i n i n g  t h e  same number o f  t r y p a n o s o m e s .  I n  e a c h  c a s e  
t h e  i n i t i a l  p e l l e t  o f  t r y p a n o s o m e s  was r e s u s p e n d e d  i n  2 .5ra l  b u f f e r / 1  x 
10 10  c e l l s  and g r o u n d  w i t h  5g S i C / 1  x 1 0 ^  c e l l s .  A summary o f  t h e  
r e s u l t s  o b t a i n e d  i s  shown a s  T a b l e  4 .
I t  i s  a p p a r e n t  t h a t  t h e  g r i n d i n g  o f  t r y p a n o s o m e s  by h a n d  w i t h
F i g u r e  18a :  Scheme f o r  t h e  d i s r u p t i o n  o f  t r y p a n o s o m e s  by d e t e r g e n t s .
8E ac h  i n i t i a l  t r y p a n o s o m e  s u s p e n s i o n  c o n t a i n e d  5 x 10 
c e l l s .  F o l l o w i n g  c e n t r i f u g a t i o n ,  t h e  c e l l  p e l l e t  was 
r e s u s p e n d e d  i n  5ml d i s r u p t i o n  b u f f e r  ( p a g e  6 3 )  c o n t a i n i n g  
t h e  a p p r o p r i a t e  d e t e r g e n t  (0.5% ( w / v )  s a p o n i n  o r  
0.5% ( w / v )  T r i t o n  X - 1 0 0 ) .  The v o l u m e s  a n d  enzyme 
a c t i v i t i e s  o b t a i n e d  a t  e a c h  s t a g e  o f  t h i s  scheme  a r e  shown 
i n  F i g u r e  19.
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Trypanosomes 
i n  T(SG) b u f f e r
c e n t r i f u g e
lx 1000 x g
10 minu te s
fs u p e r n a t a n t  
( D i s c a r d e d )
I
P e l l e t  
r e su spended  
i n  d i s r u p t i o n  
b u f f e r  
+ t r e a t m e n t ,  
30 minutesf-r)
c e n t r i f u g e
3x 1000 x g  
20 minu te s
I 1
P e l l e t s  r e su spended  
i n  d i s r u p t i o n  b u f f e r
s o n i c a t e  
4 x 15s
Homogenate (H)
s u p e r n a t a n t s
pooled
(SnA)
c e n t r i f u g e
3x 1000 x g
20 minut es
▼ j
r e suspended  
in  d i s r u p t i o n  
b u f f e r  
( 1KP)
s u p e r n a t a n t s  
pool ed  
( SnB)
F i g u r e  18b:  Scheme f o r  t h e  d i s r u p t i o n  o f  t r y p a n o s o m e s  by g r i n d i n g .
8The i n i t i a l  t r y p a n o s o m e  s u s p e n s i o n  c o n t a i n e d  5 x  10 
c e l l s .  F o l l o w i n g  c e n t r i f u g a t i o n ,  t h e  c e l l  p e l l e t  was 
r e s u s p e n d e d  i n  2 . 5ml d i s r u p t i o n  b u f f e r  ( p a g e  6 3 )  a n d  
g r o u n d  w i t h  5g s i l i c o n  c a r b i d e  p e r  1 0 ^  c e l l s .  The 
v o lu m es  a n d  enzyme a c t i v i t i e s  o b t a i n e d  i n  e a c h  s t e p  a r e  
shown i n  F i g u r e  19.
66
Trypanosomes
in T(SG) b u f f e r
Ix
c e n t r i f u g e  
1000 x g 
10 minu t es
is u p e r n a t a n t
(Di sca rded )
P e l l e t  r e^uspended  
i n  d i s r u p t i o n  b u f f e r  
w i t h  s i l i c o n  c a r b i d e
g r i n d  u n t i l  no 
whole c e l l s  seen 




c e n t r i f u g e  
100 x g 






i t a n t s
)
c e n t r i f u g e  
1000 x g 
20 minu t es
P e l l e t  






a t a n t s
2)
c e n t r i f u g e  
14,500 x g 
20 minu t es
P e l l e t  (
1
: i4 .5KP)  Pooled
s u p e r n a t a n t s
+ 0.1% (w/v) 
T r i t o n  X-100 
10 minu t es
(14.5KS)
1 4 . 5KP(T)
F i g u r e  19: C o m p a r i s o n  o f  t h e  y i e l d s  an d  a c t i v i t y  o f  a-GPDH from
t r y p a n o s o m e s  d i s r u p t e d  by v a r i o u s  m e t h o d s  ( s e e  S e c t i o n  4 . 3  
f o r  d e t a i l s ) .  The a b b r e v i a t i o n s  u s e d  f o r  s am p le  names may 
be r e f e r r e d  t o  i n  F i g u r e s  18a a n d  18b.
T r e a t m e n t  1 i s  0.5% ( w / v )  s a p o n i n
T r e a t m e n t  2 i s  0.5% ( w / v )  T r i t o n  x - 1 0 0
T r e a t m e n t  3 c o n t a i n s  no d e t e r g e n t




A c t i v i t y
(U/ml)
P r o t e i n  
Co n c en t r a t i o n  
(mg/ml)
To t a l
A c t i v i t y
(U)
To ta l
P r o t e i n
(mg)
S p e c i f i c
A c t i v i t y
(U/mg)
Tl 5 .0 11.90 8.75 59.50 43.75 1.36
T2 5.0 14.38 10.00 71.90 50.00 1.44
T3 5.0 4.41 8.60 22.05 43.00 0.51
T4 5.0 3.11 4.09 15.55 20.45 0.76
SnAl 8.12 2.94 3.38 23.87 27.44 0.87
SnA2 9.25 5.06 3.94 46.80 36.44 1.28
SnA3 9.88 0.00 0.74 0.00 7.31 0.00
HI 4 .0 6 .02 3.94 24.08 15.76 1.53
H2 4..0T 4.59 3.82 18.36 15.28 1.20
H3 4 .0 2.63 9.10 10.52 36.40 0.29
SnBl 9.07 2.53 1.96 22.95 17.78 1.29
SnB2 9.33 1.63 1.95 15.21 18.19 0 .84
SnB3 8.80 1.00 3.60 8.80 31.68 0.28
1KP1 2.0 0.03 0.64 0.06 1.28 0.05
1KP2 2.0 0.38 0.80 0.76 1.60 0.48
1KP3 2.0 1.88 2.57 3.76 5.14 0.73
PA 2.0 0.33 1.24 0.66 2.48 0.27
14.5KS 15.56 0.33 1.84 5.13 28.63 0.18
14.5KP 3.0 1.75 1.96 5.25 5.88 0.89
1 4 . 5KP(T) 3.0 9.50 1.96 28.50 5.88 4 .85
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T a b l e  4 :  C o m p a r i s o n  o f  d i s r u p t i o n  o f  t r y p a n o s o m e s  by g r i n d i n g  w i t h  
s i l i c o n  c a r b i d e  by hand  and w i t h  a Braun m i l l
Sample Volume 
(m l )
T o t a l  
a c t  i v i t y  
(U)
T o t a l
p r o t e i n
(mg)
S p e c i f i c
a c t i v i t y
(U/mg)
Hand- 
g ro u n d  :
T 2 0 . 5 3 4 . 6 4 4 5 . 9 2 0 . 7 5
PI 2 . 0 2 .5 9 3 . 5 6 0 . 7 3
Sn2 2 7 . 7 3 2 .5 6 4 0 . 2 3 0 .8 1
14.5KS 3 8 . 6 5 .5 9 3 3 .6 7 0 . 1 7
1 4 . 5KP(T) 1 5 . 0 14 .9 0 6 . 3 0 2 . 3 7
B ra u n -
M i l l
T 2 3 . 0 2 9 . 0 3 5 1 . 5 6 0 . 5 6
PI 1 . 0 0 . 4 3 1 .2 4 0 . 3 5
Sn2 3 0 . 7 2 5 .0 2 3 8 . 1 6 0 . 6 6
14.5KS 4 6 . 8 8 . 8 7 2 9 . 2 3 0 . 3 0
1 4 . 5KP(T) 1 5 .0 11 .78 8 . 2 4 1 .4 3
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s i l i c o n  c a r b i d e  a s  an  a b r a s i v e  g i v e s  r i s e  t o  a g r e a t e r  y i e l d  o f  a-GPDH 
a c t i v i t y  an d  a l s o  a c o n s i d e r a b l y  h i g h e r  s p e c i f i c  a c t i v i t y .  T h i s ,  
c o m b in e d  w i t h  t h e  g r e a t e r  s i m p l i c i t y  o f  t h e  h a n d - g r i n d i n g  m e t h o d  l e d  
t o  i t s  u s e  f o r  t h e  p r e p a r a t i o n  o f  a l l  f u t u r e  1 4 .5 K P ( T )  e x t r a c t s .
4 . 4 :  A f f i n i t y  c h r o m a t o g r a p h y
4 . 4 . 1 :  D y e - L i g a n d  c h r o m a t o g r a p h y
The c h o i c e  o f  a f f i n i t y  l i g a n d  was made a f t e r  r e f e r e n c e  t o  t h e  
w ork  o f  W a ts o n  e t  a l .  ( 1 9 7 8 ) ,  M c G i n n i s  ( 1 9 8 3 )  a n d  t o  t h e  " D y e - L i g a n d  
C h r o m a t o g r a p h y "  h a n d b o o k  p u b l i s h e d  by t h e  Amicon C o r p o r a t i o n ,  M a s s . ,  
U .S .A .  The M a t r e x  Gel  B lu e  A u s e d  c o m p r i s e d  a p p r o x i m a t e l y  5% ( w / v )  
c r o s s - l i n k e d  a g a r o s e  c o v a l e n t l y  c o u p l e d  v i a  e t h e r  l i n k a g e s  t o  t h e  
t r i a z i n y l  dye C i b a c r o n  B lu e  3GA ( C i b a - G e i g y )  a t  a  c o n c e n t r a t i o n  o f  
2 .83mg/m l  g e l .
The g e l  was w a s h e d  b a t c h w i s e  w i t h  7M u r e a  i n  0.5M sod ium  
h y d r o x i d e  t o  remove  any f r e e  dye  an d  sod ium a z i d e  p r e s e r v a t i v e  an d  
t h e n  w a sh e d  s e v e r a l  t i m e s  w i t h  20mM t r i e t h a n o l a m i n e  b u f f e r ,  pH 7 . 8  
( r u n n i n g  b u f f e r ) .  The g e l  was p a c k e d  i n t o  a  1 x 8 cm colum n i n  a 
c o n t r o l l e d  t e m p e r a t u r e  room a t  4°C a n d  l o a d e d  w i t h  a  1 4 .5 K P ( T )  e x t r a c t  
u n t i l  a-GPDH a c t i v i t y  a p p e a r e d  i n  t h e  e l u a t e .  E x c e s s  ( i e  u n b o u n d )  
a c t i v i t y  was t h e n  w a s h e d  t h r o u g h  w i t h  r u n n i n g  b u f f e r  u n t i l  no  f u r t h e r  
a c t i v i t y  was d e t e c t a b l e  i n  t h e  e l u a t e ,  a n d  t h e  q u a n t i t y  bound 
c a l c u l a t e d .
E l u t i o n  was t h e n  a t t e m p t e d  w i t h  a l i n e a r  g r a d i e n t  o f  0 - 0 . 5M sod ium  
c h l o r i d e  i n  r u n n i n g  b u f f e r ,  t h e  g r a d i e n t  vo lume b e i n g  50ml an d
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f r a c t i o n s  o f  1ml c o l l e c t e d .  No a c t i v i t y  was r e c o v e r e d  w i t h  t h i s  
s y s t e m  an d  so  t h e  same co lum n  was w a sh e d  t h r o u g h  w i t h  1M NaCl a n d  
r e - e q u i l i b r a t e d  w i t h  r u n n i n g  b u f f e r .  The co lum n  was r e - r u n  w i t h  1ml 
1 4 .5 K P ( T )  a p p l i e d ,  no a-GPDH a c t i v i t y  b e i n g  w a s h e d  t h r o u g h  t h e  co lum n  
w i t h  b u f f e r .  E l u t i o n  was a t t e m p t e d  w i t h  10ml o f  e a c h  o f  t h e  f o l l o w i n g  
c o m b i n a t i o n s  o f  s u b s t r a t e s  a n d  c o - f a c t o r s ,  a l l  a p p l i e d  m a n u a l l y :
1) 0 . 25mM DHAP + 0.3mM NAD+
2 )  4.0mM a - G P  + O.lmM NADH
3) 0 . 25mM DHAP + O.lmM NADH
4 )  4.0mM a - G P  + 0.3mM NAD+
A g a in  no a c t i v i t y  was  r e c o v e r e d ;  c o n s e q u e n t l y  no f u r t h e r  w ork  was 
c a r r i e d  o u t  w i t h  a f f i n i t y  c o lu m n s  o f  t h e  d y e - l i g a n d  t y p e .
4 . 4 . 2 :  C h r o m a t o g r a p h y  u s i n g  A T P - a g a r o s e
An 8 - ( 6 - a m i n o h e x y l ) - a m i n o - A T P - S e p h a r o s e  a f f i n i t y  co lum n  was u s e d  
by L ee  e t  a l .  ( 1 9 7 9 )  an d  N i e s e l  e t  a l .  ( 1 9 8 0 )  a s  a  m a j o r  s t e p  i n  t h e  
p u r i f i c a t i o n  o f  a-GPDH from a m i x t u r e  o f  enzymes  f rom D r o s o p h i l a .  
C r o n i n  and T i p t o n  ( 1 9 8 5 )  u s e d  A T P - a g a r o s e  Type 2 (P -L  B i o c h e m i c a l s ,  
M i l w a u k e e ,  U . S . A . ) i n  t h e  p u r i f i c a t i o n  o f  p h o s p h o f r u c t o k i n a s e  f rom T. 
b r u c e i .
The b u f f e r  u s e d  f o r  e q u i l i b r a t i o n  o f  t h e  m a t r i x  was t h a t  
d e s c r i b e d  a s  B u f f e r  A by L ee  e t  a l .  ( 1 9 7 9 )  (lOmM p o t a s s i u m  p h o s p h a t e  
c o n t a i n i n g  IraM EDTA an d  ImM DTT, pH 6 . 0 ) .  From t h e  m a n u f a c t u r e r ' s 
v a l u e  o f  1-5/xmol l i g a n d / m l  o f  a g a r o s e  and t h e  a s s u m p t i o n s  t h a t
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t r y p a n o s o m a l  a-GPDH h a s  a  m o l e c u l a r  w e i g h t  o f  a p p r o x i m a t e l y  7 8 , 0 0 0  
an d  t h a t  9.4% o f  t h e  p r o t e i n  c o n t e n t  o f  an y  1 4 .5 K P ( T )  e x t r a c t  was 
a-GPDH (Aman e t  a l M 1 9 8 5 ) ,  t h e  c a l c u l a t e d  vo lume o f  A T P - a g a r o s e  
r e q u i r e d  f o r  a d s o r p t i o n  was t o o  s m a l l  t o  be  m e a s u r e d  f o r  u s e .  I n  f a c t  
25/xl o f  A T P - a g a r o s e  Type 3 ( e q u i v a l e n t  t o  t h a t  u s e d  by L e e  e t a l . ,  
1 9 7 9 ) ,  i n c u b a t e d  w i t h  0 .5 m l  1 4 . 5 K P ( T )  e x t r a c t  f o r  40 m i n u t e s  i n  i c e  
w i t h  f r e q u e n t  s h a k i n g  was f o u n d  t o  a d s o r b  a  maximum o f  78% a-GPDH 
a c t i v i t y  i n  t h e  e x t r a c t  ( F i g u r e  2 0 ) .
F o l l o w i n g  c e n t r i f u g a t i o n  a t  1 5 , 0 0 0  x  g f o r  one  m i n u t e ,  e l u t i o n  o f  
a-GPDH a c t i v i t y  f rom t h e  p e l l e t  was a t t e m p t e d  w i t h  s e v e r a l  v o l u m e s  o f  
ImM NADH i n  B u f f e r  A, i n c u b a t e d  t o g e t h e r  f o r  15 m i n u t e s  i n  i c e .  
F o l l o w i n g  c e n t r i f u g a t i o n  a s  a b o v e ,  t h e  s u p e r n a t a n t  was a s s a y e d  f o r  
enzyme a c t i v i t y  ( T a b l e  5 ) .  I t  c a n  be s e e n  t h a t  r e c o v e r y  was p o o r ,  a n d  
e l u t i o n  was t h e n  a t t e m p t e d  f rom t h e  same p e l l e t  w i t h  5mM DHAP a n d  2mM 
NADH i n  B u f f e r  A.
The r e c o v e r y  o f  a c t i v i t y  f rom t h e  two e l u t i o n s  w i t h  NADH was 17% 
and f rom t h e  DHAP/NADH e l u t i o n ,  14 .5%.  Both  t h e  r e c o v e r y  o f  a c t i v i t y  
an d  t h e  i n c r e a s e  i n  s p e c i f i c  a c t i v i t y ,  w h e r e  c a l c u l a t e d ,  w e r e  
a c c e p t a b l e  f o r  i n i t i a l  a t t e m p t s  a t  t h e  t e c h n i q u e .  F u r t h e r  a t t e m p t s  
p r o v e d  u n r e l i a b l e  h o w e v e r ,  a n d  t h e  p o t e n t i a l  e x p e n s e  o f  t h e  
l a r g e - s c a l e  A T P - a g a r o s e  a f f i n i t y  c h r o m a t o g r a p h y  l e d  t o  d i s c o n t i n u a t i o n  
o f  i t s  u s e .
4 . 4 . 3 :  C h r o m a t o g r a p h y  u s i n g  A M P -S ep h aro se
The m e t h o d s  a n d  p r i n c i p l e s  e m p lo y ed  w e r e  a d a p t e d  f rom t h e  w o rk  o f  
Lowe e t  a l .  ( 1 9 7 4 a , b )  a n d  H a r v e y  e t  a l .  ( 1 9 7 4 ) .  A f f i n i t y  c h r o m a t o g r a p h y
F i g u r e  20:  The a d s o r p t i o n  o f  t r y p a n o s o m a l  a-GPDH by A T P - a g a r o s e  Type
3.  A vo lume o f  25 p i  A T P - a g a r o s e  Type 3 was i n c u b a t e d  w i t h  
0 .5 m l  1 4 .5 K P ( T )  e x t r a c t  on i c e  w i t h  s h a k i n g .  S a m p l e s  w e re  
removed a t  i n t e r v a l s  a n d ,  f o l l o w i n g  b r i e f  c e n t r i f u g a t i o n ,  
t h e  s u p e r n a t a n t  a s s a y e d  f o r  an y  a-GPDH a c t i v i t y  w h ic h  
r e m a i n e d  u n b o u n d .  I t  c a n  be  s e e n  t h a t  a  maximum o f  78% 
a  -GPDH a c t i v i t y  was bound .
10
0











T a b l e  5: A f f i n i t y  c h r o m a t o g r a p h y  o f  a-GPDH from T b r u c e i  on 




a c t i v i t y  
( U / m l )
P r o t e i n  
c o n t e n t  
( m g / m l )
T o t a l
a c t i v i t y
(U)
T o t a l
p r o t e i n
(mg)
S p e c i f i c
a c t i v i t y
(U/mg)
1 4 . 5KP(T) 500 1 .3 2 9 0 . 3 0 1 0 . 6 6 5 0 . 1 5 0 4 . 4 3 0
S ' n a t a n t 525 0 . 2 1 2 0 . 1 6 9 0 . 1 1 1 0 . 0 8 9 1 .2 4 7
ImM NADH 500 0 . 1 3 7 0 . 0 1 2 0 . 0 6 8 0 . 0 0 6 1 1 .3 3 3
ImM NADH 500 0 . 0 9 0 0 . 0 0 7 0 . 0 4 5 0 . 0 0 3 5 1 1 .2 5 0
DHAP/NADH 2 0 0 0 . 4 7 9 NA 0 . 0 9 6 NC NC
NA = n o t  a s s a y e d .
NC = n o t  c a l c u l a t e d
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was a t t e m p t e d  w i t h  a d e n o s i n e  5 ' - m o n o p h o s p h a t e - S e p h a r o s e  4B i n  w h ic h  
AMP was a t t a c h e d  t h r o u g h  an  N6 - a m i n o  g r o u p  t o  S e p h a r o s e  4B w i t h  a 
6 - c a r b o n  s p a c e r  ar m.  The A M P-S epharose  was s w o l l e n  a n d  e q u i l i b r a t e d  
a s  i n s t r u c t e d  by t h e  m a n u f a c t u r e r s  w i t h  0.1M p h o s p h a t e  b u f f e r  a t  pH 
7 . 0 .  The s l u r r y  was t h e n  c e n t r i f u g e d  b r i e f l y  i n  a  S a r s t e d t  m i c r o f u g e  
and  t h e  s u p e r n a t a n t  d i s c a r d e d .  A p e l l e t  o f  r e s i n ,  o f  a p p r o x i m a t e  m as s  
0 * 5 g ,  was  m i x e d  w i t h  0 . 5 m l  1 4 .5 K P ( T )  e x t r a c t  an d  i n c u b a t e d  f o r  30 
m i n u t e s  on i c e  w i t h  g e n t l e  a g i t a t i o n .  F o l l o w i n g  b r i e f  c e n t r i f u g a t i o n ,  
a s  a b o v e ,  t h e  s u p e r n a t a n t  was r emov ed an d  t h e  p e l l e t  w a s h e d  t w i c e  w i t h  
0 . 1M p h o s p h a t e  b u f f e r ,  pH 7 . 0 .  E l u t i o n  o f  a-GPDH from t h e  p e l l e t  was  
t h e n  a t t e m p t e d  w i t h  4ml v o lu m e s  e a c h  o f  5mM NADH a n d  5mM ATP b u t  no 
a c t i v i t y  was r e c o v e r e d .  S t e p w i s e  e l u t i o n  was t h e n  c a r r i e d  o u t  w i t h  
NAD+ i n  0.1M p h o s p h a t e  b u f f e r ,  pH 7 . 0 ,  shown i n  T a b l e  6 . T h i s  m e th o d  
o f  e l u t i o n  was a b a n d o n e d  an d  e l u t i o n  w i t h  0.1M p h o s p h a t e  b u f f e r s  o f  
i n c r e a s i n g  pH v a l u e s  was t h e n  a t t e m p t e d  ( T a b l e  7 ) .  The m e t h o d  u s e d  
was e x a c t l y  a s  d e s c r i b e d  a b o v e .
Due t o  t h e  p o o r  r e c o v e r i e s  shown ab o v e  no f u r t h e r  i n v e s t i g a t i o n  
o f  a f f i n i t y  c h r o m a t o g r a p h y  w i t h  A M P-S epharose  was c a r r i e d  o u t .
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T a b l e  6 : A f f i n i t y  c h r o m a t o g r a p h y  o f  a-GPDH from T b r u c e i  w i t h  




a c t i v i t y  
( U / m l )
T o t a l
a c t i v i t y
(u)
%
r e c o v e r y
1 4 . 5KP(T) 0 . 5 1 .8 8 2 0 .9 4 1 1 0 0
S 1n a t a n t 0 . 5 0 . 2 7 4 0 . 1 3 7 1 4 .6
Wash 1 1 . 0 0 . 0 0 0 0 . 0 0 0 0
Wash 2 1 . 0 0 . 0 0 0 0 . 0 0 0 0
E l u a n t s :
0 . 25mM NAD+ 0 . 5 0 . 1 6 8 0 . 0 8 4 8 . 9
0 . 50mM NAD+ 0 . 5 0 . 0 0 0 0 . 0 0 0 0
0 . 75mM NAD+ 0 . 5 0 . 0 0 0 0 . 0 0 0 0
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T a b l e  7: A f f i n i t y  c h r o m a t o g r a p h y  o f  a-GPDH from T. b r u c e i  -  e l u t i o n  by 




a c t i v i t y  
(U/ml )
T o t a l
a c t i v i t y
(U)
%
r e c o v e r y
1 4 . 5KP(T) 0 . 5 1 .9 2 2 0 .9 6 1 100
S ' n a t a n t 0 . 5 0 . 4 1 8 0 . 2 0 9 2 1 . 8
Wash 1 1 . 0 0 .0 0 0 0 .0 0 0 0
Wash 2 1 . 0 0 .0 0 0 0 .0 0 0 0
E l u a n t s :
pH 5 . 0 1. 0 0 .0 0 0 0 .0 0 0 0
pH 6 . 0 1. 0 0 .1 6 1 0 . 1 6 1 16.75
pH 7 . 0 1. 0 0 . 0 4 2 0 . 0 4 2 4 . 3 7
pH 8 . 0 1.0 0 .0 0 0 0 .0 0 0 0
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4 . 5 :  P o l y e t h y l e n e  g l y c o l  p r e c i p i t a t i o n
The f r a c t i o n a l  p r e c i p i t a t i o n  o f  p r o t e i n s  w i t h  n o n - i o n i c  
w a t e r - s o l u b l e  p o l y m e r s  s u c h  a s  p o l y e t h y l e n e  g l y c o l  (PEG) was f i r s t  
d e s c r i b e d  by P o i s o n  e t  a l .  ( 1 9 6 4 ) ,  a l t h o u g h  t h e s e  w o r k e r s  w e r e  u n a b l e  
t o  o f f e r  an y  e x p l a n a t i o n  f o r  t h e  p r e c i p i t a t i n g  e f f e c t  o f  PEG on 
p r o t e i n  s o l u t i o n s .  S i n c e  t h e n  h o w e v e r ,  i t  h a s  become a p p a r e n t  t h a t  
t h e  m e t h o d  i s  a s t e r i c  e x c l u s i o n  m ech a n i sm  w h e r e b y  p r o t e i n s  a r e  
c o n c e n t r a t e d  i n  t h e  e x t r a p o l y m e r  s p a c e ,  e v e n t u a l l y  e x c e e d i n g  t h e i r  
s o l u b i l i t y  l i m i t  u n d e r  t h e  g i v e n  c o n d i t i o n s  ( I n g h a m ,  1 9 8 4 ) .
A r a n g e  o f  PEG s u s p e n s i o n s  o f  c o n c e n t r a t i o n s  b e t w e e n  6 a n d  100% 
( w / v )  w e re  p r e p a r e d  f rom PEG 8000 ( f o r m e r l y  PEG 6 0 0 0 )  i n  20mM 
t r i e t h a n o l a m i n e  (TEA) b u f f e r ,  pH 7 . 4 .  E q u a l  v o lu m e s  o f  1 4 .5 K P( T )  
e x t r a c t  a n d  t h e  r e l e v a n t  PEG s u s p e n s i o n  w e re  m i x e d  t o  y i e l d  f i n a l  PEG 
c o n c e n t r a t i o n s  b e t w e e n  3 a n d  50% ( w / v ) .  The m i x t u r e  was i n c u b a t e d  f o r  
4 5  m i n u t e s  a t  room t e m p e r a t u r e  w i t h  c o n s t a n t  s t i r r i n g ,  a n d  t h e n  sp u n  
i n  a  Du P o n t  S o r v a l l  RC-5B R e f r i g e r a t e d  S u p e r s p e e d  c e n t r i f u g e  a t  
3 6 , 9 0 0  x g f o r  40 m i n u t e s .  E ac h  s u p e r n a t a n t  was a s s a y e d  f o r  a-GPDH 
a c t i v i t y .  The ' a n a l y t i c a l  p r e c i p i t a t i o n  c u r v e '  o b t a i n e d  i s  shown a s  
F i g u r e  21 .
I t  c a n  be s e e n  t h a t  t h e  m o s t  p r o m i s i n g  f i n a l  c o n c e n t r a t i o n  o f  PEG 
was 50% ( w / v )  a n d  f u r t h e r  i n v e s t i g a t i o n  o f  t h e  t e c h n i q u e  was c a r r i e d  
o u t  u s i n g  t h i s  c o n c e n t r a t i o n ,  t h e  m e t h o d  b e i n g  r e p e a t e d  a s  a b o v e .  I n  
o r d e r  t h a t  f u r t h e r  work  c o u l d  be  c a r r i e d  o u t  on t h e  enzyme,  a n  a t t e m p t  
was made t o  a d s o r b  t h e  enzyme t o ,  a n d  e l u t e  i t  f r o m ,  an  
a n i o n - e x c h a n g e r  t h u s  r e m o v i n g  t h e  e x t r e m e l y  v i s c o u s  PEG from t h e  
e n v i r o n m e n t  o f  t h e  enzyme .  To t h i s  end t h e  P E G - c o n t a i n i n g  p e l l e t  was
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r e s u s p e n d e d  i n  20mM TEA b u f f e r  pH 7 . 4 ,  t h e  vo lume u s e d  b e i n g  
a p p r o x i m a t e l y  e q u a l  t o  t h a t  o f  t h e  i n i t i a l  PEG an d  enzyme sam p le  
m i x t u r e .  The r e s u s p e n d e d  p e l l e t  was t h e n  m i x e d  w i t h  h a l f  i t s  own 
volume o f  DEA E-Sephace l  w h i c h  h a d  b e e n  e q u i l i b r a t e d  w i t h  20raM TEA 
b u f f e r  pH 7 . 4  p r i o r  t o  u s e .  A f t e r  i n c u b a t i o n  f o r  25 m i n u t e s  a t  room 
t e m p e r a t u r e  w i t h  r e g u l a r  g e n t l e  a g i t a t i o n ,  t h e  m i x t u r e  was sp u n  i n  a 
BTL b e n c h  c e n t r i f u g e  a t  800 x g f o r  5 m i n u t e s .  The s u p e r n a t a n t  was 
r e t a i n e d  f o r  a s s a y .  The DEAE-Seph ace l  p e l l e t  was r e s u s p e n d e d  i n  2ml 
0.2M so d iu m  c h l o r i d e  i n  20mM TEA b u f f e r ,  pH 7 . 4 ,  a n d  i n c u b a t e d  a t  room 
t e m p e r a t u r e  f o r  t e n  m i n u t e s  b e f o r e  b e i n g  c e n t r i f u g e d  a s  a b o v e .  The 
r e s u l t i n g  p e l l e t  was  r e s u s p e n d e d  i n  3ml 0.2M sod ium  c h l o r i d e  i n  20mM 
TEA b u f f e r  pH 7 . 4  a n d  t r e a t e d  e x a c t l y  a s  p r e v i o u s l y .  T h i s  p r o c e d u r e  
i s  shown i n  F i g u r e  22 .  The r e s u l t s  o b t a i n e d  a r e  shown i n  T a b l e  8 .
T h e s e  i n i t i a l  r e s u l t s  i n d i c a t e d  t h a t  PEG p r e c i p i t a t i o n  may h a v e  
b e e n  a u s e f u l  t e c h n i q u e  o n c e  t h e  m e t h o d  o f  e l u t i o n  h a d  b e e n  i m p r o v e d .  
However  u s e  o f  t h i s  t y p e  o f  e l u t i o n  m e t h o d  m e a n t  t h a t  t h e  c h o i c e  o f  
s u b s e q u e n t  p u r i f i c a t i o n  p r o c e d u r e s  w o u ld  h a v e  b e e n  l i m i t e d  by t h e  
p r e s e n c e  o f  sod ium  c h l o r i d e  a t  p o t e n t i a l l y  h i g h  c o n c e n t r a t i o n s .  
P r a c t i c a l  d i f f i c u l t i e s  w e r e  e n c o u n t e r e d  when w o r k i n g  w i t h  PEG a t  t h e  
p e r c e n t a g e  r e q u i r e d  an d  t h e s e  r e a s o n s  co m b in ed  l e d  t o  t h e  
d i s c o n t i n u a t i o n  o f  i n v e s t i g a t i o n  o f  p o l y e t h y l e n e  g l y c o l  p r e c i p i t a t i o n  
a s  a  p o s s i b l e  s t e p  i n  t h e  p u r i f i c a t i o n  o f  a-GPDH.
F i g u r e  21: The ' a n a l y t i c a l  p r e c i p i t a t i o n  c u r v e '  f o r  t h e  p r e c i p i t a t i o n  
o f  t r y p a n o s o m a l  a-GPDH w i t h  PEG. S u s p e n s i o n s  o f  PEG 8000 
i n  20mM t r i e t h a n o l a m i n e  b u f f e r ,  pH 7 . 4 ,  w e r e  p r e p a r e d  i n  
t h e  r a n g e  6 -  100% ( w / v ) .  E q u a l  v o lu m e s  o f  1 4 .5 K P ( T )  
e x t r a c t  an d  t h e  r e l e v a n t  PEG s u s p e n s i o n  w e r e  m i x e d  t o  y i e l d  
f i n a l  c o n c e n t r a t i o n s  o f  b e t w e e n  3 a n d  50% ( w / v )  PEG. A f t e r  
45 m i n u t e s  i n c u b a t i o n  a t  room t e m p e r a t u r e  an d  
c e n t r i f u g a t i o n  a t  3 6 , 9 0 0  x  ^  f o r  40 m i n u t e s ,  t h e  
s u p e r n a t a n t  was a s s a y e d  f o r  f r e e  a-GPDH a c t i v i t y .












F i g u r e  22:  The a t t e m p t e d  p r e c i p i t a t i o n  o f  a-GPDH from T.  b r u c e i  w i t h  
p o l y e t h y l e n e  g l y c o l .  The v o lu m es  u s e d  a n d  enzyme 
a c t i v i t i e s  o b t a i n e d  a t  e a c h  s t a g e  a r e  shown i n  T a b l e  8 on 
page  81.
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1 Volume 1 4 . 5KP(T)
1 Volume 1007o (w/v) PEG
In c u b a te  45 m inu tes  w i th  
s t i r r i n g  room t e m p e r a tu re
c e n t r i f u g e  
10,000 x g 
10 minutes '
I
P e l l e t  (PEG p p t ) , 
re su sp e n d  in  TEA 
b u f f e r ,  mix w i th  
\ volume DEAE-sephacel
In cu b a te  
15 m inu tes  
room
te m p e ra tu re
c e n t r i f u g e  
800 x g 
5 m inu tes
P e l l e t  1 
r e su sp e n d ed  in  
TEA b u f f e r  
+ 0.2M NaCl
In cu b a te  
10 m inu tes  
room
te m p e ra tu re
c e n t r i f u g e  
800 x g 
5 minuEes
s u p e r n a t a n t  
(DE S n l )
r
P e l l e t  2 
r e s u sp en ded  as 
f o r  P e l l e t  1
s u p e r n a t a n t
s u p e r n a t a n t  
(PEG Sn)
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T a b l e  8 : F r a c t i o n a l  p r e c i p i t a t i o n  o f  a-GPDH from T. b r u c e i  u s i n g  
p o l y e t h y l e n e  g l y c o l
Sample Volume 
( m l )
a-GPDH
a c t i v i t y
(U/ra l)
T o t a l
a c t i v i t y
(U)
%
a c t i v i t y
1 4 . 5KP(T) 2 2 . 0 6 4 4 . 1 2 8 1 0 0 .0 0
PEG sn 4 0 . 0 2 6 0 . 1 0 4 2 .5 2
PEG pp t 4 0 . 7 4 0 2 . 9 6 0 7 1 . 7 0
DE s n l 6 0 . 0 6 4 0 . 3 8 6 9 . 3 4
DE sn2 4 0 . 1 6 2 0 . 6 4 8 1 5 .7 0
DE sn3 4 0 . 0 2 8 0 . 1 1 2 2 .71
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4 . 6 :  H e a t  p r e c i p i t a t i o n
A s a m p l e  o f  a  1 4 . 5 K P ( T )  e x t r a c t  was d i l u t e d  f i v e - f o l d  w i t h  
T r i s - H C l  b u f f e r  pH 7 . 8  c o n t a i n i n g  ImM EDTA. E q u a l  v o lu m es  o f  t h i s  
s o l u t i o n  w e r e  p l a c e d  i n t o  g l a s s  t e s t  t u b e s ,  w h i c h  w e r e  i d e n t i c a l  so  
t h a t  h e a t  d i f f u s i o n  e f f e c t s  w o u l d  be  s i m i l a r ,  e a c h  c o n t a i n i n g  a  s m a l l  
s t i r r i n g - b a r . To o n e  s a m p l e  w e r e  a d d e d  NAD+ a n d  a -G P  e a c h  t o  a  f i n a l  
c o n c e n t r a t i o n  o f  ImM, t h e s e  b e i n g  s u b s t r a t e s  f o r  a-GPDH w h i c h  may h a v e  
a s t a b i l i s i n g  e f f e c t  on t h e  enzyme d u r i n g  t h e  t r e a t m e n t  (D ix o n  a n d  
Webb, 1 9 7 9 ) .  E ach  t u b e  was  p l a c e d  i n t o  a w a t e r - b a t h  w h i c h  h a d  b ee n  
p r e - h e a t e d  t o  t h e  d e s i r e d  t e m p e r a t u r e  an d  w h ic h  c o n t a i n e d  an  
i m m e r s i b l e  m a g n e t i c  s t i r r e r  l e a d i n g  t o  c o n t i n u o u s  a g i t a t i o n  o f  t h e  
s a m p l e s .  The s t a t e d  p e r i o d  o f  i m m e r s i o n  was s t r i c t l y  t i m e d  f rom t h e  
moment t h e  enzyme s o l u t i o n  i t s e l f  r e a c h e d  t h e  p r e s c r i b e d  t e m p e r a t u r e .
A f t e r  t h e  r e q u i r e d  p e r i o d  o f  i n c u b a t i o n  t h e  t u b e s  w e re  p l a c e d  i n  
i c e  u n t i l  t h e  t e m p e r a t u r e  o f  t h e  s o l u t i o n  h a d  f a l l e n  t o  a p p r o x i m a t e l y  
4°C ,  when t h e  s a m p l e  was  c e n t r i f u g e d  i n  an  O le  D ich  r e f r i g e r a t e d  
m i c r o f u g e  f o r  f i v e  m i n u t e s  a t  1 5 , 0 0 0  x  g .  The s u p e r n a t a n t s  w e re  
a s s a y e d  f o r  b o t h  a-GPDH a c t i v i t y  a n d  p r o t e i n  c o n t e n t .  I n i t i a l  r e s u l t s  
s eemed p r o m i s i n g  ( s e e  T a b l e  9 ) .
R e p e a t e d  a t t e m p t s  a t  t h e  p u r i f i c a t i o n  o f  t r y p a n o s o m a l  a-GPDH by 
h e a t  p r e c i p i t a t i o n  p r o v e d  i n c o n s i s t e n t  h o w e v e r ,  t h e  p r e c i s e  c o n d i t i o n s  
r e q u i r e d  f o r  e a c h  t r e a t m e n t  b e i n g  d i f f i c u l t  t o  r e p r o d u c e .  Due t o  t h e  
u n r e l i a b i l i t y  o f  t h i s  m e t h o d  i t  was n o t  i n v e s t i g a t e d  f u r t h e r .
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T a b l e  9:  A t t e m p t e d  p u r i f i c a t i o n  o f  a-GPDH from T. b r u c e i  by h e a t  
p r e c i p i t a t i o n
Sample T r e a t m e n t S p e c i f i c
a c t i v i t y
(U/mg)
%
r e c o v e r y
1 4 . 5KP(T) (=A) D i l u t e d  1/5 2 . 3 1 4 1 2 2 . 6
1 4 . 5KP(T) (=B) + ImM NAD+ , ImM a - G P 1 .8 8 8 1 0 0 .0
As B 10 min a t  40°C 1 .9 0 7 6 7 . 7
As B 20 min a t  40°C 1. 4 8 3 5 1 . 6
As B 10 rain a t  50°C 2 .6 4 5 6 1 . 3
As B 10 min a t  60°C 5 . 3 5 9 7 1 . 0
As B 20 rain a t  60°C 5 . 4 9 0 6 7 . 7
As B 10 min a t  70°C 0 . 0 0 0 0 . 0
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4 . 7 :  Gel f i l t r a t i o n
Fo r  t h e  a t t e m p t e d  s e p a r a t i o n  o f  a-GPDH from 1 4 .5 K P ( T )  e x t r a c t s  by 
t h e  t e c h n i q u e  o f  g e l  f i l t r a t i o n ,  v a r i o u s  c o n d i t i o n s  w e r e  u s e d  a s  shown 
i n  T a b l e  10.  A l l  g e l s  u s e d  w e r e  e i t h e r  S e p h a d e x  G-100 o r  G -200.
Enzyme e x t r a c t s  c o n t a i n i n g  10% ( w / v )  s u c r o s e  w e r e  c a r e f u l l y  
l o a d e d  o n t o  t h e  co lum n  b e f o r e  e l u t i o n  was s t a r t e d .  The v o i d  vo lum e  o f  
e a c h  co lum n  was d e t e r m i n e d  by t h e  u s e  o f  D e x t r a n  B lue  a s  a n  e x c l u d e d  
m a r k e r .  The a-GPDH a c t i v i t y  r e c o v e r e d  from co lu m n s  1 t o  3 was e l u t e d  
i n  t h e  v o i d  vo lum e o f  t h e  c o l u m n s .  T h i s  may h a v e  b e e n  due t o  t h e  
a g g r e g a t i o n  o f  t h e  g l y c o s o m a l  enzymes  u n d e r  c o n d i t i o n s  o f  low i o n i c  
s t r e n g t h  ( M i s s e t  a n d  O p p e r d o e s ,  1 9 8 4 ) ,  t h e  u s e  o f  a b u f f e r  w i t h  a  
h i g h e r  i o n i c  s t r e n g t h  p o s s i b l y  p r o m o t i n g  t h e  d i s s o c i a t i o n  o f  a n y  s u c h  
complex  a n d  i n d i v i d u a l  b e h a v i o u r  o f  e a c h  enzyme .  To t h i s  en d  a  
p h o s p h a t e  b u f f e r  w i t h  a n  i o n i c  s t r e n g t h  o f  0.2M ( I  = 0.2M P )  was 
i n t r o d u c e d ,  p r e p a r e d  a s  d e s c r i b e d  by Long ( 1 9 6 1 ) .
F o l l o w i n g  t h i s  c h a n g e  o f  b u f f e r  t h e  enzyme was  s t i l l  e l u t e d  i n  
t h e  v o i d  vo lume o f  co lum n  3 ,  a  co lumn o f  S e p h a d e x  G -1 0 0 .  Co lumns 4 t o  
9 h o w e v e r  c o n t a i n e d  S e p h a d e x  G-200 w h i c h  h a d  a  l a r g e r  p o r e  s i z e ,  a n d  
t h e  enzyme a c t i v i t y  was n o t  e l u t e d  i n  t h e  v o i d  volume b u t  t h e  
p e r c e n t a g e  o f  a-GPDH a c t i v i t y  r e c o v e r e d  d e c r e a s e d .  The r e c o v e r y  o f  
p r o t e i n  f rom co lum n  8  was 92% o f  t h a t  a p p l i e d .  The r e c o v e r y  o f  
a c t i v i t y  an d  p r o t e i n  f rom co lum n  6  i s  shown i n  F i g u r e  23.
The p o s s i b i l i t y  t h a t  t h e  h i g h  i o n i c  s t r e n g t h  o f  t h e  e l u t i o n  
b u f f e r  h a d  c a u s e d  t h e  d i s s o c i a t i o n  o f  b o t h  a  m u l t i - e n z y m e  c o m p le x  an d  
any s u b u n i t  s t r u c t u r e  o f  t h e  enzyme i t s e l f  was i n v e s t i g a t e d .  The 
i o n i c  s t r e n g t h  o f  t h e  e n v i r o n m e n t  o f  t h e  enzyme was r e d u c e d  by p a s s i n g
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f r a c t i o n s  from co lumn 6  t h r o u g h  a s m a l l  S ep h ad ex  G-25 co lum n ,  e l u t i n g  
w i t h  50mM p h o s p h a t e  b u f f e r  c o n t a i n i n g  8mM MgCl^,  pH 7 . 4 .  No 
a c t i v a t i o n  o f  a-GPDH a c t i v i t y  was e v i d e n t  upon a s s a y  o f  t h e  e l u a t e s  
f rom t h i s  co lum n .  The i n c l u s i o n  o f  DTT i n  t h e  e l u t i o n  b u f f e r  o f  
column 9 d i d  n o t  i m p ro v e  t h e  low r e c o v e r y  o f  a c t i v i t y  a n d  t h e  
i n v e s t i g a t i o n  o f  g e l  f i l t r a t i o n  a s  a  p u r i f i c a t i o n  p r o c e d u r e  was 
c o n s e q u e n t l y  d i s c o n t i n u e d .
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T able  10: Gel f i l t r a t i o n  o f  a-GPDH from T. b r u c e i
Gel  t y p e Column s i z e  
(cm)
B u f f e r B u f f e r
pH
%
r e c o v e r y
a-GPDH
a c t i v i t y
1) G-200 38 x 2 . 0 20mM TEA 7 .8 2 7 . 5
2)  G-100 27 x 0 . 9 20mM TEA 7 . 8 7 6 . 5
3)  G-100 27 x 0 . 9 I  = 0.2M P 7 . 4 6 0 . 1
4 )  G-200 35 x 2 . 5 I = 0.2M P 7 . 4 3 . 8
5)  G-200 35 x 2 . 5 I = 0.2M P 7 . 4 3 . 2
6 ) G-200 24 x 2 . 0 I = 0.2M P 
+ ImM EDTA 7 . 4 4 7 . 3
7) G-200 74 x 1 . 5 I  = 0.2M P 
+ ImM EDTA 7 . 4 0 . 0
8 ) G-200 35 x 2 . 5 I = 0.2M P 
+ ImM EDTA 7 . 4 1 5 . 4
9)  G-200 37 x 2 . 5 I = 0.2M P 
+ ImM EDTA 
+ 3mM DTT 7 . 4 13.  1
F i g u r e  23:  The r e c o v e r y  o f  a-GPDH a c t i v i t y  a n d  p r o t e i n  a f t e r  g e l
f i l t r a t i o n .  A 1ml volume o f  1 4 . 5 K P ( T )  e x t r a c t  was a p p l i e d  
t o  a  co lumn o f  S ep h ad e x  G -2 0 0 ,  2 4 . 0  x 2 .0cm  i n  s i z e .  The 
colum n was e q u i l i b r a t e d  w i t h  p h o s p h a t e  b u f f e r  o f  0.2M i o n i c  
s t r e n g t h  w i t h  ImM EDTA, pH 7 . 4 ,  a n d  was e l u t e d  w i t h  t h e  
same b u f f e r .  F r a c t i o n s  o f  1 . 1 5 m l  w e r e  c o l l e c t e d  a n d  a 
s u i t a b l e  vo lum e o f  e a c h  a s s a y e d  f o r  a-GPDH a c t i v i t y .  Of 
t h e  a p p l i e d  a-GPDH a c t i v i t y ,  47 .3% i n  t o t a l  was r e c o v e r e d  
f rom t h e  co lumn an d  t h e  f r a c t i o n  w i t h  t h e  h i g h e s t  s p e c i f i c  
a c t i v i t y  ( f r a c t i o n  3 6 )  showed a n  i n c r e a s e  o f  2 . 1 - f o l d  o v e r  
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4 . 8 :  I o n - e x c h a n g e  c h r o m a t o g r a p h y  
4 . 8 . 1 :  F a s t  P r o t e i n  L i q u i d  C h r o m a t o g r a p h y
The  s e p a r a t i o n  o f  a-GPDH from a 1 4 .5 K P ( T )  e x t r a c t  was a t t e m p t e d  
u s i n g  a  m e c h a n i s e d  P h a r m a c i a  F a s t  P r o t e i n  L i q u i d  C h r o m a t o g r a p h y  (FPLC) 
s y s t e m .  P r e v i o u s  w o rk  s u c h  a s  t h a t  by B a c c h i  e t  a l . ( 1 9 7 4 )  on a-GPDH 
from  t h e  t r y p a n o s o m a t i d  C r i t h i d i a  f a s c i c u l a t a  a n d  Lambros  a n d  B a c c h i  
( 1 9 7 6 )  on a-GPDH from L e p t o m o n a s  s p e c i e s  s u g g e s t e d  t h a t  t h e  u s e  o f  an  
a n i o n - e x c h a n g e r  w o u ld  be  a p p r o p r i a t e  an d  c o n s e q u e n t l y  Mono-Q HR 5 / 5  
a n d  P o l y a n i o n  S I  HR 5 / 5  p r e - p a c k e d  FPLC c o lu m n s  w e re  u s e d  a s  
re commended by t h e  m a n u f a c t u r e r s .
F o r  FPLC w o rk  w i t h  t h e  Mono-Q co lu m n ,  C l -  i n  t h e  form o f  s o d iu m  
c h l o r i d e  was  c h o s e n  a s  t h e  c o u n t e r - i o n  i n  a  0 t o  0.5M l i n e a r  g r a d i e n t ,  
t o t a l  v o lu m e  30ral i n  20mM t r i e t h a n o l a m i n e  b u f f e r ,  pH 7 . 4 .  No a-GPDH 
a c t i v i t y  was e l u t e d  h o w e v e r  a n d  so  t h e  e f f e c t  o f  sod ium  c h l o r i d e  
( N a C l )  on t h e  enzyme was i n v e s t i g a t e d :  lOOpl a l i q u o t s  o f  a 1 4 .5 K P ( T )
s a m p l e  w e r e  i n c u b a t e d  on i c e  w i t h  lOOjxl v o l u m e s  o f  NaCl i n  20mM TEA 
b u f f e r  pH 7 . 4  o v e r  a  r a n g e  o f  c o n c e n t r a t i o n s .  A f t e r  40 m i n u t e s  
i n c u b a t i o n ,  50^1 s a m p l e s  w e r e  r emove d an d  a s s a y e d  f o r  a-GPDH a c t i v i t y .  
The r e s u l t s  o b t a i n e d  a r e  shown b e l o w .
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T a b l e  11: The e f f e c t  o f  sodium c h l o r i d e  on t h e  a c t i v i t y  o f  a-GPDH from 
T. b r u c e i
C o n c e n t r a t i o n  o f  NaCl 
i n  i n c u b a t i o n
tt-GPDH a c t i v i t y  
( U / m l )
500 0 .3 8 1
250 0 . 3 7 8
125 0 . 3 8 6
50 0 . 3 6 9
25 0 . 3 5 7
0 0 . 3 5 1
I t  i s  a p p a r e n t  t h a t  any i n h i b i t i o n  by NaCl i s  r e v e r s i b l e .  The 
t r a c e  p r o d u c e d  a t  280nm o f  t h e  e l u a t e  from t h e  Mono-Q column showed 
few s i g n i f i c a n t  p r o t e i n  p ea k s  w h i c h ,  c o u p l e d  w i t h  t h e  e v i d e n c e  a b o v e ,  
c o u l d  show t h a t  t h e  enzyme h ad  been  r e t a i n e d  on t h e  colum n.  A f u r t h e r  
a t t e m p t  a t  i o n - e x c h a n g e  w i t h  t h e  FPLC s y s t em  was made u s i n g  a 
P o l y a n i o n  SI  HR 5 / 5  co lumn,  w h i c h  i s  a w e ak e r  a n i o n - e x c h a n g e r  t h a n  t h e  
Mono-Q column.  The e l u t i o n  g r a d i e n t  was 0 t o  0.5M NaCl i n  50mM 
T r i s - H C l  b u f f e r ,  pH 8 . 0 ,  a g a i n  w i t h  a t o t a l  volume o f  30ml.  The 
r e c o v e r y  o f  <*-GPDH a c t i v i t y  was 18% o f  t h a t  a p p l i e d .  The a c t i v i t y  
r e m a i n i n g  on t h e  column was s u b j e c t e d  t o  a t t e m p t e d  e l u t i o n  w i t h  0.5M 
sod ium s u l p h a t e  i n  50mM T r i s - H C l  b u f f e r  pH 8 . 0 .  A l t h o u g h  s u l p h a t e  was 
recommended by t h e  m a n u f a c t u r e r s  a s  a more e f f i c i e n t  c o u n t e r - i o n  t h a n
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c h l o r i d e ,  no f u r t h e r  a c t i v i t y  was r e c o v e r e d .
4 . 8 . 2 :  B a t c h w i s e  i o n - e x c h a n g e  c h r o m a t o g r a p h y
I o n - e x c h a n g e  c h r o m a t o g r a p h y  u s i n g  s m a l l  DEAE-Sephace l  colum ns  an d  
m a n u a l l y - a p p l i e d  s t e p w i s e  g r a d i e n t s  o f  NaCl y i e l d e d  p o o r  r e c o v e r i e s  o f  
a c t i v i t y  o f  b e t w e e n  4 a n d  15%. The u s e  o f  DEAE-Sephace l  b a t c h w i s e  
seemed t o  be  m o re  u s e f u l :  i n i t i a l l y  DEAE-Sephace l  was e q u i l i b r a t e d  i n
5mM p h o s p h a t e  b u f f e r ,  pH 6 . 5 ,  a n d  a  volume o f  t h e  r e s u l t i n g  s l u r r y  
a d d e d  t o  a  s u i t a b l e  vo lum e  o f  1 4 .5 K P ( T )  e x t r a c t .  The m i x t u r e  was 
i n c u b a t e d  on i c e  f o r  15 m i n u t e s  w i t h  a g i t a t i o n  a n d  t h e n  c e n t r i f u g e d  a t  
800 x g f o r  t h r e e  m i n u t e s .  The s u p e r n a t a n t  was a s s a y e d  f o r  a-GPDH 
a c t i v i t y  a n d  i f  a s i g n i f i c a n t  p r o p o r t i o n  o f  t h e  a c t i v i t y  a p p l i e d  
r e m a i n e d  i n  t h e  s u p e r n a t a n t ,  f u r t h e r  DEA E-Sephace l  was a d d e d  an d  t h e  
p r o c e d u r e  r e p e a t e d .  P h o s p h a t e  was c h o s e n  a s  t h e  c o u n t e r - i o n  t o  e l u t e  
a-GPDH a c t i v i t y  f rom t h e  p e l l e t ,  e l u t i o n  b e i n g  s t e p w i s e  f rom  50 t o  
500mM p h o s p h a t e  b u f f e r ,  pH 8 . 0 .  A t y p i c a l  r e s u l t  a p p e a r e d  a s  i n  T a b l e  
12 .
C o m b i n a t i o n  o f  t h e  t h r e e  m o s t  a c t i v e  e l u a t e  f r a c t i o n s  ( 2 5 ,  50 an d  
lOOmM p h o s p h a t e )  y i e l d e d  18.6% o f  a p p l i e d  p r o t e i n  a n d  51.8% o f  a p p l i e d  
a c t i v i t y ,  g i v i n g  a n  i n c r e a s e  i n  s p e c i f i c  a c t i v i t y  o f  2 . 8 - f o l d .  W h i l s t  
t h i s ,  a s  a  t y p i c a l  r e s u l t ,  was  e n c o u r a g i n g ,  i t  was  d i s c o v e r e d  t h a t  a 
maximum o f  80% o f  t h e  a c t i v i t y  a p p l i e d  was a d s o r b e d  by t h e  p e l l e t .
The p o s s i b i l i t y  t h a t  two enz ymes  w e r e  p r e s e n t  o r  t h a t  one  enzyme h a d  
b e e n  p r o t e o l y s e d  i n t o  two a c t i v e  f r a g m e n t s  was t h e n  i n v e s t i g a t e d .
The c a t i o n - e x c h a n g e r  C M - c e l l u l o s e  was e q u i l i b r a t e d  w i t h  lOmM 
p h o s p h a t e  b u f f e r ,  pH 8 . 1 ,  a n d  D E A E - c e l l u l o s e  e q u i l i b r a t e d  a s  b e f o r e .
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T a b l e  12: A d s o r p t i o n  t o  and e l u t i o n  from DEAE-sephacel  o f  t r y p a n o s o m a l  
a-GPDH
Sample T o t a l
a c t i v i t y
(u )
% T o t a l
p r o t e i n
( m s  )
S p e c i f i c
a c t i v i t y
(U/mg)
1 4 . 5KP(T) 2 . 7 6 0 1 0 0 .0 0 2 2 5 .7 5 12 .22
S ' n a t a n t 0 . 5 7 0 2 0 .6 5 1 5 .0 0
E l u a n t s :
25mM 0 . 4 8 0 1 7 .4 0 16 .12 2 9 .7 8
50mM 0 . 4 8 0 1 7 .4 0 1 4 .8 8 3 2 .2 6
lOOmM 0 . 4 6 9 1 6 .9 9 1 1 .0 6 4 2 . 4 0
200mM 0 . 2 2 5 8 . 1 5 1 3 .1 2 17 .15
500mM 0 . 1 5 0 5 . 4 3 2 7 .1 9 5 .5 2
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D E A E - c e l l u l o s e  and C M - c e l l u l o s e  w e r e  u s e d  i n  o r d e r  t h a t  t h e  
i o n - e x c h a n g e r s  b o t h  h a d  t h e  same s u p p o r t  so  t h a t  a v a l i d  c o m p a r i s o n  
c o u l d  be  m ad e.  The e x t e n t  o f  a d s o r p t i o n  o f  a-GPDH a c t i v i t y  was 
d i s c o v e r e d  a s  d e s c r i b e d  b e l o w .  F i r s t l y  t h e  amount  o f  e a c h  s l u r r y  
w h i c h  g a v e  m ax im a l  a d s o r p t i o n  was d e t e r m i n e d  e x p e r i m e n t a l l y .  A s a m p le  
o f  1 4 .5 K P ( T )  e x t r a c t  was  t h e n  i n c u b a t e d  w i t h  t h i s  vo lume o f  
D E A E - c e l l u l o s e  s l u r r y ,  i n c u b a t e d  an d  c e n t r i f u g e d  a s  p r e v i o u s l y  
d e s c r i b e d .  The s u p e r n a t a n t  was a s s a y e d  f o r  a-GPDH a c t i v i t y  a n d  t h e n  
a d d e d  t o  t h e  opt imum v o lu m e  o f  C M - c e l l u l o s e  s l u r r y .  The i n c u b a t i o n  
p r o c e d u r e  was r e p e a t e d  a n d  t h e  s u p e r n a t a n t  a g a i n  a s s a y e d  f o r  a-GPDH 
a c t i v i t y .  The e x p e r i m e n t  was t h e n  c a r r i e d  o u t  w i t h  t h e  f i r s t  
i o n - e x c h a n g e r  u s e d  b e i n g  C M - c e l l u l o s e  an d  a d s o r p t i o n  was a l s o  
a t t e m p t e d  w i t h  e a c h  i o n - e x c h a n g e r  s e p a r a t e l y .  The r e s u l t s  o b t a i n e d  
a r e  shown b e l o w .
T a b l e  13: The a d s o r p t i o n  o f  a-GPDH from T. b r u c e i  t o  v a r i o u s  
i o n - e x c h a n g e r s
I o n - e x c h a n g e r ( s ) T o t a l  a-GPDH a c t i v i t y  a d s o r b e d  (%)
DEAE- t h e n  C M - c e l l u l o s e 9 9 . 3 4
CM- t h e n  D E A E - c e l l u l o s e 9 9 . 3 6
C M - c e l l u l o s e  o n l y 5 9 . 0 4
D E A E - c e l l u l o s e  o n l y 7 6 . 4 7
The sum o f  t h e  a c t i v i t y  a d s o r b e d  by D E A E - c e l l u l o s e  an d  
C M - c e l l u l o s e  s e p a r a t e l y  was e x p e c t e d  t o  be a p p r o x i m a t e l y  99% b u t  was
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in  f a c t  135.51%.  F u r t h e r  e x p e r i m e n t s  were  c a r r i e d  o u t  w i t h  t h e  
i n c l u s i o n  o f  m i c r o g r a n u l a r  c e l l u l o s e  ( j j i  t h e  m a t r i x  o f  b o t h  
i o n - e x c h a n g e r s )  a s  an  a d s o r b a n t .  A l l  t h r e e  r e s i n s  were  e q u i l i b r a t e d  
in  25mM T r i s - H C l  b u f f e r ,  pH 7 . 8  and t h e  f o l l o w i n g  r e s u l t s  o b t a i n e d :
T a b l e  14: A d s o r p t i o n  o f  a-GPDH from T. b r u c e i  t o  v a r i o u s  
i o n - e x c h a n g e r s  an d  t h e i r  m a t r i x
I o n - e x c h a n g e r T o t a l  a-GPDH a c t i v i t y  a d s o r b e d  (%)
C M - c e l l u l o s e 5 5 . 6
D E A E - c e l l u l o s e 7 6 .7
C e l l u l o s e  s u p p o r t  o n l y 4 6 . 4
E s t i m a t i o n  o f  t h e  p r o t e i n  c o n t e n t  o f  e a c h  s u p e r n a t a n t  showed t h a t  
p r o t e i n  had bee n  a d s o r b e d  and t h e  enzyme n o t  m e r e l y  i n a c t i v a t e d .  A 
14.5KP(T)  e x t r a c t  was p r e p a r e d  i n  t h e  f o l l o w i n g  d i s r u p t i o n  b u f f e r :
T r i s - H C l 2 5 . OmM
PMSF 0 .  5mM
DTT l.OmM
EDTA 1. OmM
S u c r o s e 0.25M
L e u p e p t  i n lOpg/ral
A n t i p a i n 20 / ig/ml
F i n a l  pH 8 . 0
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an d  t h e  e x p e r i m e n t  r e p e a t e d .  The i n c l u s i o n  o f  t h e  p r o t e a s e  i n h i b i t o r s  
l e u p e p t i n  an d  a n t i p a i n  d i d  n o t  d e c r e a s e  t h e  e x t e n t  o f  a d s o r p t i o n  t o  
C M - c e l l u l o s e  o r  c e l l u l o s e  n o r  d i d  i t  i m p ro v e  t h e  p e r c e n t a g e  a d s o r p t i o n  
o f  a-GPDH t o  D E A E - c e l l u l o s e  h o w e v e r ,  a n d  f i n a l l y  t h e  m e th o d  was 
a b a n d o n e d .
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4 . 9 :  Ammonium s u l p h a t e  p r e c i p i t a t i o n
A 1 4 .5 K P ( T )  s a m p l e  was d i l u t e d  1 /5  w i t h  d i s r u p t i o n  b u f f e r  (25mM 
T r i s - H C l  b u f f e r  c o n t a i n i n g  0.5mM PMSF, l.OmM DTT, l.OmM EDTA an d  0.25M 
s u c r o s e ,  pH 7 . 8 )  a n d  g l y c e r o l  was a d d e d  t o  a f i n a l  c o n c e n t r a t i o n  o f  
10% ( v / v ) .  Ammonium s u l p h a t e  p r e c i p i t a t i o n  was c a r r i e d  o u t  
s e q u e n t i a l l y  on t h i s  s a m p l e .  The m ass  o f  s o l i d  ammonium s u l p h a t e  
r e q u i r e d  t o  b r i n g  t h e  s a m p l e  t o  t h e  f i r s t  ' c u t '  (Dawson e t _ a L ,  1969)  
was a d d e d  s l o w l y  t o  t h e  s a m p l e  w h i c h  was i n c u b a t e d  on i c e  f o r  a 
f u r t h e r  15 m i n u t e s  w i t h  c o n t i n u o u s  g e n t l e  s t i r r i n g .  The s a m p le  was 
t h e n  s p u n  a t  1 2 , 0 0 0  x g f o r  10 m i n u t e s  i n  an  MSE-18 H ig h  Sp e ed  
c e n t r i f u g e .  The p e l l e t  was r e s u s p e n d e d  i n  2ml d i s r u p t i o n  b u f f e r  a n d  
' d e s a l t e d '  on  a  s m a l l  P h a r m a c i a  S e p h a d e x  G-25 g e l  f i l t r a t i o n  co lu m n ,  
b e i n g  e l u t e d  w i t h  d i s r u p t i o n  b u f f e r .  The e l u a n t  was t h e n  a s s a y e d  f o r  
a-GPDH a c t i v i t y  a n d  p r o t e i n  c o n c e n t r a t i o n .  The d e c a n t e d  s u p e r n a t a n t  
was a l s o  a s s a y e d  f o r  b o t h  a-GPDH a c t i v i t y  a n d  p r o t e i n  c o n t e n t ,  
f o l l o w i n g  w h i c h  s u f f i c i e n t  s o l i d  ammonium s u l p h a t e  was  a d d e d  t o  b r i n g  
t h e  ammonium s u l p h a t e  c o n c e n t r a t i o n  t o  t h a t  o f  t h e  n e x t  ' c u t '  a n d  t h e  
p r o c e d u r e  r e p e a t e d  a s  a b o v e  u n t i l  t h e  h i g h e s t  ammonium s u l p h a t e  
c o n c e n t r a t i o n  r e q u i r e d  h a d  b e e n  r e a c h e d .  The r e s u l t s  o b t a i n e d  a r e  
shown i n  T a b l e  15 f rom w h i c h  i t  c a n  be  s e e n  t h a t  t h e  t o t a l  p r o t e i n  
r e c o v e r y  was 98.4% o f  t h a t  o f  t h e  o r i g i n a l  s a m p l e  w h i l e  o n l y  21.1% o f  
t h e  a-GPDH a c t i v i t y  r e m a i n e d .  T h a t  t h e  l o s s  o f  enzyme a c t i v i t y  was 
due t o  t h e  p r e s e n c e  o f  ammonium s u l p h a t e  was shown by t h e  a s s a y  o f  a 
1 4 . 5 K P ( T )  s a m p l e  i n  t h e  p r e s e n c e  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  ammonium 
s u l p h a t e .  The ammonium s u l p h a t e  s o l u t i o n s  w e re  p r e p a r e d  i n  50mM 
p h o s p h a t e  b u f f e r ,  pH 7 . 4 ,  a n d  t h e  vo lume o f  a s s a y  b u f f e r  a d j u s t e d  t o
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T a b l e  15: Ammonium s u l p h a t e  p r e c i p i t a t i o n  o f  a-GPDH from T. b r u c e i
Sample a-GPDH 
a c t i v i t y  
( U / m l )
Volume 
(ml )
T o t a l
a c t i v i t y
(U)
P r o t e i n  
(m g /m l )
T o t a l  
p r o t e i n  
(mg )
D i l u t e d  
1 4 . 5KP(T)
0 . 3 6 0 1 0 .0 3 . 6 0 . 2 4 2 2 . 4 2
R es u s p .
p e l l e t s :
0 - 20% 0 3 . 4 0 0 . 0 7 5 0 . 2 5 5
20-40% 0 3 . 6 0 0 . 0 5 0 0 . 1 8 0
40-60% 0 . 0 5 0 3 . 4 0 . 1 7 0 0 . 1 9 6 0 . 6 6 6
60-70% 0 . 0 7 6 3 . 6 0 . 2 7 4 0 . 1 7 0 0 . 5 9 5
70-80% 0 . 0 5 0 3 . 5 0 . 1 7 5 0 . 1 9 0 0 . 6 6 5
F i n a l  sn 0 . 0 1 4 1 0 .0 0 . 1 4 0 0 . 0 0 2 0 . 0 2 0
97
co m p en s a t e  f o r  t h e i r  p r e s e n c e .  The r a t e s  o b t a i n e d  a r e  shown as  T a b l e  
16:
T a b l e  16: The e f f e c t  o f  ammonium s u l p h a t e  on t h e  a c t i v i t y  o f  a-GPDH 
from T.  b r u c e i
C o n c e n t r a t i o n  AS 
ad d ed  t o  a s s a y  
(% ( w / v ) )
F i n a l  c o n c e n t r a t i o n  
AS i n  a s s a y  
(% ( w / v ) )
Enzyme a c t i v i t y  
( U / m l )
%
a c t  i v i t y
0 0 1 .1 2 10 0 .0
60 6 0 . 1 6 1 4 .3
80 8 0 . 0 8 7 .1
A s i m i l a r  e x p e r i m e n t  was c a r r i e d  o u t  w i t h  t h e  enzyme b e i n g  
a s s a y e d  i n  t h e  p r e s e n c e  o f  ammonium s u l p h a t e  a t  a f i n a l  c o n c e n t r a t i o n  
o f  4% ( w /v )  and a l s o  i n  t h e  p r e s e n c e  o f  p o t a s s i u m  c h l o r i d e  (KC1) a t  
t h e  same f i n a l  i o n i c  s t r e n g t h  ( s e e  T a b l e  1 7 ) .
I t  was a p p a r e n t  t h a t  t h e  pH o f  t h e  a s s a y  m i x t u r e  may i n f l u e n c e  
t h e  amount  o f  a-GPDH a c t i v i t y  l o s t  and a s s a y s  were  t h e r e f o r e  c a r r i e d  
o u t  w i t h  ammonium s u l p h a t e  ad d e d  as  a s o l u t i o n  i n  b u f f e r  a s  b e f o r e ,  
t h e  s o l u t i o n  b e i n g  a d j u s t e d  t o  pH 7 . 4  ( T a b l e  1 8 ) .  A l t h o u g h  t h e  pH o f  
t h e  s o l u t i o n  o b v i o u s l y  d i d  h a v e  some e f f e c t  on t h e  a c t i v i t y  o f  t h e  
enzyme,  i t  was n o t  t h e  m os t  i m p o r t a n t  f a c t o r  in  t h e  e f f e c t  o f  ammonium 
s u l p h a t e  on a-GPDH a c t i v i t y .  I t  was d e c i d e d  t h a t  ammonium s u l p h a t e
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p r e c i p i t a t i o n  w o u l d  n o t  be i n c l u d e d  i n  t h e  p u r i f i c a t i o n  scheme f o r  
t r y p a n o s o m a l  a-GPDH a n d  a l s o  t h a t  t h e  e f f e c t  o f  t h e  p r e s e n c e  o f  s a l t s  
on t h e  a c t i v i t y  o f  t h e  enzyme w o u ld  be  i n v e s t i g a t e d  f u r t h e r .
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T a b l e  17: The e f f e c t  o f  i o n i c  s t r e n g t h  and pH on t h e  a c t i v i t y  o f  
t r y p a n o s o m a l  a-GPDH
Sample  Enzyme a c t i v i t y
( U / m l )
% a c t i v i t y F i n a l  pH 
in  a s s a y
1 4 . 5KP(T) 1 .2 9 100 7 . 4
1 4 . 5KP(T) + 0 . 2 3  
amm. s u l p h a t e
17 .8 6 . 7
1 4 . 5KP(T) + 0 . 3 5  
KC1
2 7 . 1 7 .0
T a b l e  18: The e f f e c t  o f  i o n i c s t r e n g t h  on t h e  a c t i v i t y  o f  t r y p a n o s o m a l
a-GPDH
Sample  C o n c e n t r a t i o n  AS 
i n  a s s a y
Enzyme a c t i v i t y  
(U /m l )
% F i n a l  pH 
i n  a s s a y
1 4 . 5KP(T) 0 1 .2 0 0 100 7 . 4
1 4 . 5KP(T) + 4 
AS
0 . 6 7 2 56 7 . 4
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4.10: The  e f f e c t  o f  s a l t s  on  a-GPDH a c t i v i t y
The e f f e c t  o f  v a r i o u s  i o n s  on a-GPDH a c t i v i t y  was i n v e s t i g a t e d  by 
t h e  i n c l u s i o n  o f  s o l u t i o n s  o f  t h e s e  i o n s  i n  t h e  a s s a y  s y s t e m .  The 
s o l u t i o n s  w e r e  e a c h  p r e p a r e d  i n  20mM t r i e t h a n o l a r a i n e  b u f f e r  an d  
b r o u g h t  t o  pH 7 . 4 .  The v o lum e  o f  a s s a y  b u f f e r  was a d j u s t e d  a s  
n e c e s s a r y  t o  m a i n t a i n  a  c o n s t a n t  t o t a l  vo lum e i n  t h e  c u v e t t e .  The 
a-GPDH a c t i v i t y  r e c o r d e d ,  r e l a t i v e  t o  t h a t  o f  t h e  enzyme w i t h  no s a l t s  
p r e s e n t  i n  t h e  a s s a y  s y s t e m ,  i s  p l o t t e d  i n  F i g u r e  24 v e r s u s  t h e  f i n a l  
i o n i c  s t r e n g t h  o f  e a c h  s a l t  i n  t h e  a s s a y .
2I o n i c  s t r e n g t h  i s  c a l c u l a t e d  t h u s :  I  = ^ l / 2 ( c  x z ) w h e r e  c i s
t h e  c o n c e n t r a t i o n  o f  t h e  s a l t  ( m o l a r )  a n d  z i s  t h e  c h a r g e  on e a c h  i o n .  
The i o n i c  s t r e n g t h  o f  a  3M s o l u t i o n  o f  ammonium s u l p h a t e  f o r  ex a m p le  
i s  1 / 2 ( 3  x  2 x  1 )  + 1 / 2 ( 3  x 4 )  = 3 + 6  = 9M. An ammonium s u l p h a t e  
c o n c e n t r a t i o n  o f  3M i s  a p p r o x i m a t e l y  e q u a l  t o  a 60% ( w / v )  s o l u t i o n .
I t  c a n  be  s e e n  f rom F i g u r e  24 t h a t  t h e  p r e s e n c e  o f  s u c h  a 
c o n c e n t r a t i o n  o f  ammonium s u l p h a t e  i n  a s a m p l e  t o  be  a s s a y e d  w o u ld  
h a v e  a  c o n s i d e r a b l e  i n h i b i t o r y  e f f e c t .  T h i s  e x p e r i m e n t  c o n f i r m e d  t h a t  
ammonium s u l p h a t e  p r e c i p i t a t i o n  w o u ld  be  o f  no u s e  a s  a s t e p  i n  t h e  
p u r i f i c a t i o n  o f  t r y p a n o s o m a l  a-GPDH.
4 . 1 1 :  P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s
S e v e r a l  m e t h o d s  o f  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  w e re  
e m p l o y e d ,  t h e  pH o f  b u f f e r s  a n d  t h e  p o r e - s i z e  o f  t h e  g e l  ( i e  
c o n c e n t r a t i o n  o f  a c r y l a m i d e )  b e i n g  v a r i e d  a s  r e q u i r e d  ( G o r d o n ,  1975;  
Hames a n d  R ick w o o d ,  1 9 8 1 ) .  The b a s i c  m e t h o d s  h o w e v e r  w e r e  t h o s e  o f
F i g u r e  24: The e f f e c t  o f  i o n i c  s t r e n g t h  on t h e  a c t i v i t y  o f  
t r y p a n o s o m a l  a-GPDH. The s a l t s  u s e d  we re :
■ ammonium s u l p h a t e  
A sodium s u l p h a t e  
# ammonium c h l o r i d e
The s a l t  s o l u t i o n s  were  p r e p a r e d  i n  20mM t r i e t h a n o l a m i n e  
b u f f e r  and t h e  f i n a l  pH o f  e a ch  s o l u t i o n  was 7 . 4 .  The 
a c t i v i t y  o f  a-GPDH i n  t h e  p r e s e n c e  o f  v a r i o u s  
c o n c e n t r a t i o n s  o f  e a c h  s a l t  was d e t e r m i n e d  and c a l c u l a t e d  
a s  a p e r c e n t a g e  o f  t h e  a c t i v i t y  i n  t h e  a b s e n c e  o f  ad d ed  
s a l t s .  T h i s  p e r c e n t a g e  was p l o t t e d  v e r s u s  t h e  c a l c u l a t e d  
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D a v is  ( 1 9 6 4 )  f o r  n o n - d e n a t u r i n g  e l e c t r o p h o r e s i s  and o f  Laemmli  ( 1 9 7 0 )  
f o r  e l e c t r o p h o r e s i s  i n  t h e  p r e s e n c e  o f  sod ium d o d e c y l  s u l p h a t e  (SDS ) .
4 . 1 1 . 1 :  Sam ple  p r e p a r a t i o n
P r i o r  t o  a p p l i c a t i o n  t o  t h e  g e l s ,  a  vo lume o f  t h e  s a m p le  
e s t i m a t e d  t o  c o n t a i n  up t o  50>ig p r o t e i n  was e i t h e r  r e d u c e d  t o  d r y n e s s  
w i t h  a vacuum pump o r  p r e c i p i t a t e d  by 25% ( w / v )  t r i c h l o r o a c e t i c  a c i d  
an d  w a s h e d  t w i c e  w i t h  e t h a n o l .  F o r  t h e  e l e c t r o p h o r e s i s  o f  n a t i v e  
p r o t e i n s ,  s a m p l e s  w e r e  r e s u s p e n d e d  i n  a  s o l u t i o n  o f  1 0 % ( w / v )  s u c r o s e  
a n d ,  a s  a  t r a c k i n g  d y e ,  0 .001% ( w / v )  b r o m o p h en o l  b l u e .  F o r  s a m p l e s  
a p p l i e d  t o  S D S - p o l y a c r y l a m i d e  g e l s  t h e  d i s s o l v i n g  b u f f e r  was a s  
f o l l o w s :
3M T r i s - H C l  b u f f e r ,  pH 8 . 9 0 . 3 3 m l
10% ( w / v )  SDS s o l u t i o n 1 . 0 0 ml
G l y c e r o l 1 . 0 0 ml
2 - m e r c a p t o e t h a n o l 0 . 1 0ml
D i s t i l l e d  w a t e r 7 .57ml
Bromoph enol  b l u e 0.  lOrag
F o l l o w i n g  r e s u s p e n s i o n  o f  s a m p l e s  i n  t h i s  b u f f e r  t h e y  w e r e  im m ers ed  i n
a b o i l i n g  w a t e r - b a t h  f o r  two m i n u t e s  t o  e n s u r e  c o m p l e t e  r e d u c t i o n  o f
d i s u l p h i d e  bonds  by m e r c a p t o e t h a n o l  an d  d e n a t u r a t i o n  o f  t h e  p r o t e i n
m i x t u r e  by t h e  i o n i c  d e t e r g e n t  SDS.
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4 . 1 1 . 2 :  F i x i n g  a n d  s t a i n i n g  o f  g e l s  w i t h  C o o m a s s i e  b l u e
G e l s  w e r e  im m e rs ed  i n  f i x i n g  s o l u t i o n  ( m e t h a n o l : g l a c i a l  a c e t i c  
a c i d : d i s t i l l e d  w a t e r  i n  t h e  r a t i o  5 : 1 : 5 )  a n d  i n c u b a t e d  a t  
a p p r o x i m a t e l y  34°C f o r  a minimum o f  one  h o u r .  The g e l s  w e r e  t h e n
im m e rs e d  i n  a s o l u t i o n  o f  C o o m a s s i e  B r i l l i a n t  B lu e  R250 ( l g / l i t r e  o f
f i x i n g  s o l u t i o n )  f o r  45 m i n u t e s  a t  34°C.  The g e l s  w e r e  p l a c e d  i n
d e s t a i n i n g  s o l u t i o n  ( m e t h a n o l : g l a c i a l  a c e t i c  a c i d : d i s t i l l e d  w a t e r  i n
t h e  r a t i o  1 : 1 . 5 : 1 . 7 5 )  an d  a g i t a t e d  u n t i l  a l l  e x c e s s  dye h a d  b ee n  
r e m o v e d  an d  b a n d s  o f  s t a i n e d  p r o t e i n  w e r e  v i s i b l e .  G e l s  w e r e  s t o r e d  
i n  d i s t i l l e d  w a t e r  u n t i l  a  p e r m a n e n t  r e c o r d  h a d  b ee n  made .
4 . 1 1 . 3 :  A s e n s i t i v e  m e t h o d  f o r  t h e  s t a i n i n g  o f  p r o t e i n
Ve ry  s m a l l  a m o u n t s  o f  p r o t e i n  w e r e  d e t e c t e d  by " s i l v e r - s t a i n i n g "  
i n i t i a l l y  u s i n g  t h e  m e t h o d  o f  M o r r i s s e y  ( 1 9 8 1 )  a n d  l a t t e r l y  by t h e  
m e t h o d  o f  N i e l s o n  an d  Brown ( 1 9 8 4 ) ,  t h i s  b e i n g  t h e  q u i c k e r  a n d  m ore  
s e n s i t i v e .  N e i t h e r  s t a i n  was  s u i t a b l e  f o r  u s e  on c y l i n d r i c a l  g e l s .
4 . 1 1 . 4 :  S t a i n i n g  f o r  a-GPDH a c t i v i t y
H a v i n g  d e t e r m i n e d  t h a t  t h e  a c t i v i t y  o f  a-GPDH was n o t  d e s t r o y e d  
by p r e p a r a t i o n  o f  a s a m p le  f o r  n o n - d e n a t u r i n g  e l e c t r o p h o r e s i s ,  some 
d i s c  g e l s  w e r e  s t a i n e d  f o r  enzyme a c t i v i t y  by t h e  s i m u l t a n e o u s  c a p t u r e  
t e c h n i q u e  d e s c r i b e d  by Dewey an d  C o n k l i n  (1 9 6 0 )  an d  G a b r i e l  ( 1 9 7 1 ) .
I n  t h i s  m e t h o d ,  t h e  NADH p r o d u c e d  by t h e  a - G P D H - c a t a l y s e d  r e a c t i o n
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r e d u c e d  a t e t r a z o l i u m  dye t o  i t s  i n s o l u b l e  c o l o u r e d  fo rm,  t h e  dye 
t h e r e f o r e  b e i n g  d e p o s i t e d  o n l y  w h e r e  a-GPDH a c t i v i t y  was p r e s e n t .  I n  
f a c t ,  NADH r e d u c e s  t e t r a z o l i u m  d y e s  t o  a s m a l l  e x t e n t  o n l y  a n d  so  an  
a u x i l l i a r y  r e a c t i o n  was i n c l u d e d  w h e r e b y  5 - m e t h y l - p h e n a z i n i u m  s u l p h a t e  
(PMS) was r e d u c e d  an d  t h i s  i n  t u r n  r e d u c e d  t h e  t e t r a z o l i u m  d y e .  The 
t e t r a z o l i u m  dye u s e d  was  n i t r o b l u e - t e t r a z o l i u m  c h l o r i d e  (NBTC). The 
o v e r a l l  r e a c t i o n  i s  d e s c r i b e d  by M o l l e r i n g  e t  a l . ( 1 9 7 4 ) .  The s t a i n  
w a s ,  p e r  g e l :
lOmM NAD+ 140 m1
0 . 1M ia-GP 2 0 0 m1
NBTC 2m g
PMS 0.  7mg
MET8 b u f f e r  * 6 . 6 6 ml
* 2 OmM T r i s - H C l ,  ImM EDTA, lOrnM MgCl2> pH 8 . 0
The g e l s  w e r e  p l a c e d  i n t o  t h e  s t a i n i n g  s o l u t i o n ,  l e f t  i n  d a r k n e s s  
a t  room t e m p e r a t u r e  f o r  a p p r o x i m a t e l y  2 0  m i n u t e s  u n t i l  a  b l u e - b l a c k  
c o l o r a t i o n  h a d  d e v e l o p e d  an d  t h e n  w a sh e d  w i t h  7.5% ( v / v )  a c e t i c  a c i d  
and s t o r e d  i n  d i s t i l l e d  w a t e r .
4 . 1 1 . 5 :  S t a i n i n g  f o r  a c t i v i t y  o f  a  m u l t i - e n z y m e  co m plex
The m e t h o d  f o r  t h i s  s t a i n  was a d a p t e d  f rom t h e  b a s i c  a s s a y  s y s t e m  
o f  Oduro e t  a l .  ( 1 9 8 0 b ) .  The dyes  u s e d  w e r e  a s  ab o v e  an d  t h e r e f o r e  
r e q u i r e d  p r o d u c t i o n  o f  NADH i n  t h e  r e a c t i o n .  The s y s t e m  o f  Od uro
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e t  a l , ( 1 9 8 0 b )  was d e s i g n e d  t o  a s s a y  t h e  r e a c t i o n  shown i n  F i g u r e  2 5 a .  
By t h e  o m i s s i o n  o f  i o d o a c e t a t e ,  a n  i n h i b i t o r  o f
g l y c e r a l d e h y d e - 3 - p h o s p h a t e  d e h y d r o g e n a s e  (GAPDH), an d  t h e  i n c l u s i o n  
i n s t e a d  o f  sod ium  a r s e n a t e  t o  p r e v e n t  an y  r e v e r s a l  o f  t h e  
G A P D H -c a ta ly s e d  r e a c t i o n ,  t h e  r e a c t i o n  o c c u r r i n g  became t h a t  shown i n  
F i g u r e  2 5 b .  The r e a c t i o n  m i x t u r e  was made up i n  MET8  b u f f e r  a s  
f o l l o w s :
ATP 0.94mM
MgCl2 1 3 . 90mM
NAD+ 0.40mM
S u c r o s e 0 . 2 5  M
G l u c o s e 0 . 4 0  M
Sodium a r s e n a t e lO.OOmM
PMS 0 . lmg/ml
NBTC 0 . 3mg/ml
A c o n t r o l  s t a i n  c o n t a i n i n g  o n l y  NAD+ a n d  d y es  was c a r r i e d  o u t  t o  
v i s u a l i s e  any r e d u c t i o n  o f  NAD+ by m ea n s  o t h e r  t h a n  t h e  
c o m p l e x - c a t a l y s e d  r e a c t i o n  p a t h w a y .
4 . 1 1 . 6 :  G e l s  r u n
When a p p l i e d  t o  n o n - d e n a t u r i n g  g e l s  no 1 4 .5 K P ( T )  sam p le  
p e n e t r a t e d  more  t h a n  0 . 5cm  i n t o  t h e  g e l .  G e l s  w e r e  made a t  3% ( w / v )  
a c r y l a m i d e  p l u s  0 . 5 % ( w / v )  a g a r o s e  b u t  no i n c r e a s e  i n  p e n e t r a t i o n  was 
s e e n .  The g e l s  w e re  s t a i n e d  f o r  a-GPDH a c t i v i t y  an d  t h e  p r e s e n c e  o f  a 
m u l t i - e n z y m e  com plex an d  b o t h  w e r e  t e n t a t i v e l y  i d e n t i f i e d .
F i g u r e  25 :  The r e a c t i o n s  o c c u r r i n g  i n  t h e  a s s a y  o f  a  m u l t i - e n z y m e
co m p lex .  The r e a c t i o n  shown i n  a )  was u s e d  by O du ro  e t  a l .  
( 1 9 8 0 b )  w h i l e  t h a t  i n  b)  was d e v i s e d  d u r i n g  t h e  work 
p r e s e n t e d  h e r e .  The s y s t e m  u s e d  by O duro  e t  a l .  i n c l u d e d  
i o d o a c e t a t e ,  a n  i n h i b i t o r  o f  g l y c e r a l d e h y d e - 3 - p h o s p h a t e  
d e h y d r o g e n a s e  (GAPDH) w h i l e  t h e  s y s t e m  shown i n  F i g u r e  25b 
i n s t e a d  c o n t a i n e d  sod ium  a r s e n a t e  t o  p r e v e n t  r e v e r s a l  o f  
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T h r o u g h o u t  t h e  a t t e m p t e d  p u r i f i c a t i o n  o f  t r y p a n o s o m a l  cr-GPDH, 
v a r i o u s  S D S - g e l s  w e re  r u n  an d  s t a i n e d  f o r  p r o t e i n  e i t h e r  w i t h  
C o o m a s s i e  B l u e  o r  by s i l v e r - s t a i n i n g ,  i n  o r d e r  t o  v i s u a l i s e  t h e  e f f e c t  
o f  some o f  t h e  m o re  p r o m i s i n g  t e c h n i q u e s .
4 . 1 2 :  N o n - s p e c i f i c  a d s o r p t i o n
The a d s o r b a n t s  i n v e s t i g a t e d  w e r e  A lu m in a  C7 ( W i l l s t a t t e r ' s C7 
m o d i f i c a t i o n  o f  a l u m i n i u m  h y d r o x i d e  g e l ) ,  c a l c i u m  p h o s p h a t e  g e l  Type I  
( A g e d ) ,  c a l c i u m  p h o s p h a t e  g e l  Type I I  N e u t r a l  ( B r u s h i t e )  an d  
h y d r o x y a p a t i t e .  The p e r c e n t a g e  s o l i d  i n  t h e  s u p p l i e d  g e l s  was 
d e t e r m i n e d  by d r y i n g  t o  a  c o n s t a n t  m a s s  an d  o n c e  known,  t h e s e  v a l u e s  
w e r e  u s e d  t o  p r e p a r e  s u s p e n s i o n s  o f  t h e  g e l s  i n  5mM p h o s p h a t e  b u f f e r ,  
pH 6 . 5 ,  t o  a  1 :1  r a t i o  o f  g e l  s o l i d  t o  p r o t e i n  c o n t e n t  o f  t h e  s a m p l e  
t o  be  a d s o r b e d .  An e x t r e m e l y  b r i e f  p e r i o d  o f  s o n i c a t i o n  was c a r r i e d  
o u t  ( a  maximum o f  f i v e  s e c o n d s )  t o  a i d  d i s p e r s a l  o f  t h e  s u s p e n s i o n .
F r a c t i o n a l  a d s o r p t i o n  was t h e n  c a r r i e d  o u t  on 1 4 .5 K P ( T )  e x t r a c t s  
w i t h  e a c h  a d s o r b a n t  a s  d e s c r i b e d  by C o l o w i c k  ( 1 9 5 5 ) .  The p e r i o d  o f  
i n c u b a t i o n  was 15 m i n u t e s ,  on i c e ,  w i t h  f r e q u e n t  a g i t a t i o n ,  t h e  
m i x t u r e  t h e n  b e i n g  c e n t r i f u g e d  a t  1000 x  g f o r  t h r e e  m i n u t e s .  The 
s u p e r n a t a n t  was a s s a y e d  f o r  p r o t e i n  c o n c e n t r a t i o n  andia-GPDH a c t i v i t y .  
The a d s o r p t i o n  p a t t e r n  f o r  e a c h  o f  t h e  f o u r  g e l s  u s e d  i s  shown a s  
F i g u r e  2 6 .  The t e c h n i q u e  was c o n s e q u e n t l y  p u r s u e d  o n l y  w i t h  r e s p e c t  
t o  A lum ina  C7 a t  a g e l  s o l  i d : p r o t e i n  r a t i o  o f  1 : 1 .
The p e l l e t  o f  A lu m in a  C7 w i t h  a d s o r b e d  enzyme t h u s  o b t a i n e d  was 
t h e n  w a sh e d  o n c e  w i t h  5mM p h o s p h a t e  b u f f e r ,  pH 6 . 5 .  The w a sh e d  p e l l e t  
was t h e n  s u b j e c t e d  t o  s t e p w i s e  e l u t i o n s  o f  a-GPDH a c t i v i t y .  The
F i g u r e  26: N o n - s p e c i f i c  a d s o r p t i o n  o f  t r y p a n o s o m a l  a-GPDH by
□ b r u s h i t e  
▲ h y d r o x y a p a t i t e
■  c a l c i u m  p h o s p h a t e  g e l  t y p e  1
■ a l u m i n a  C7
The p e r c e n t a g e  s o l i d  o f  e a c h  g e l  was d e t e r m i n e d  and a 
s u s p e n s i o n  o f  e a c h  p r e p a r e d  i n  5mM p h o s p h a t e  b u f f e r ,  pH 
6 . 5 ,  t o  a 1 :1 r a t i o  o f  g e l  s o l i d  t o  p r o t e i n  c o n t e n t  o f  t h e  
sam ple  t o  be a d s o r b e d .  B r i e f  s o n i c a t i o n  a i d e d  d i s p e r s a l  
o f  t h e  s u s p e n s i o n s .  Gel s u s p e n s i o n s  and  14 .5KP(T)  s a m p le s  
were  t h e n  mixed  t o  y i e l d  d r y  g e l : s a m p l e  p r o t e i n  r a t i o s  o f  
0 .1  t o  0 . 6  ( i e .  0 . 2 m l  g e l  s u s p e n s i o n  m ixed  w i t h  1ml enzyme 
e x t r a c t  y i e l d e d  a r a t i o  o f  0 . 2 ) .  Each m i x t u r e  was 
i n c u b a t e d  f o r  15 m i n u t e s  on i c e ,  f o l l o w e d  by 
c e n t r i f u g a t i o n  a t  1000 x f o r  t h r e e  m i n u t e s .  The 
s u p e r n a t a n t  was t h e n  a s s a y e d  f o r  p r o t e i n  c o n t e n t  and 
enzyme a c t i v i t y .
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e l u a n t  was 0 t o  0.5M p h o s p h a t e  b u f f e r ,  pH 8 . 0 ,  a n d  t h e  m i x t u r e  was 
i n c u b a t e d  w i t h  a g i t a t i o n  f o r  15 m i n u t e s  on i c e  an d  t h e n  s p u n  a s  a b o v e .  
The s u p e r n a t a n t  was removed f o r  a s s a y  an d  t h e  p r o c e d u r e  r e p e a t e d .  The 
f r a c t i o n s  s h o w i n g  a  s i g n i f i c a n t  i n c r e a s e  i n  s p e c i f i c  a c t i v i t y  w e r e  
p o o l e d  f o r  f u r t h e r  p u r i f i c a t i o n .  A t y p i c a l  s e t  o f  r e s u l t s  i s  shown i n  
T a b l e  19.
The r e c o v e r y  o f  a c t i v i t y  i n  t h i s  c a s e  was 71% a n d  t h e  i n c r e a s e  i n  
s p e c i f i c  a c t i v i t y  was 3 . 4 - f o l d .  N o n - s p e c i f i c  a d s o r p t i o n  u s i n g  A l u m i n a  
C7 p r o v e d  t o  be  an  e x t r e m e l y  r e l i a b l e  m e t h o d  an d  was c o n s e q u e n t l y  
i n c l u d e d  i n  t h e  p u r i f i c a t i o n  scheme f o r  t r y p a n o s o m a l  a-GPDH.
4 . 1 3 :  H y d r o p h o b i c - i n t e r a c t i o n  c h r o m a t o g r a p h y
H y d r o p h o b i c - i n t e r a c t i o n  c h r o m a t o g r a p h y  w i t h  p h e n y l - s e p h a r o s e  h a s  
b ee n  u s e d  s u c c e s s f u l l y  by M i s s e t  an d  O p p e r d o e s  ( 1 9 8 4 )  f o r  t h e  
s e p a r a t i o n  o f  a  m i x t u r e  o f  n i n e  t r y p a n o s o m a l  g l y c o s o m a l  e n z y m e s .
D u r i n g  t h e i r  w o rk  no enzyme was e l u t e d  a l o n e  an d  f u r t h e r  p u r i f i c a t i o n  
was r e q u i r e d  i n  e a c h  c a s e ;  a-GPDH c o - e l u t e d  w i t h  p h o s p h o f r u c t o k i n a s e  
a t  b e t w e e n  30 a n d  35% ( v / v )  on a  0 t o  70% ( v / v )  l i n e a r  g r a d i e n t  o f  
e t h y l e n e  g l y c o l .  F o r  t h i s  w o rk  t h e  o n l y  enzyme o f  i n t e r e s t  was | a-GPDH 
and  t o  t h i s  e n d  t h e  m e t h o d  o f  M i s s e t  an d  O p p e r d o e s  ( 1 9 8 4 )  was 
n e c e s s a r i l y  s u b s t a n t i a l l y  a l t e r e d .
P h e n y l - s e p h a r o s e  r e s i n  was e q u i l i b r a t e d  w i t h  25mM T r i s - H C l  b u f f e r  
c o n t a i n i n g  5mM EDTA, f i n a l  pH 7 . 8 .  A f t e r  b e i n g  p a c k e d  i n t o  a co lum n  
o f  s u i t a b l e  d i m e n s i o n s  t h e  p h e n y l - s e p h a r o s e  was f u r t h e r  e q u i l i b r a t e d  
w i t h  T r i s - H C l  b u f f e r  w h i c h  c o n t a i n e d  5mM EDTA, ImM d i t h i o t h r e i t o l  
(DTT),  1>aM l e u p e p t i n  an d  50mM ammonium s u l p h a t e ,  f i n a l  pH 7 . 8
1 1 0
T a b l e  19: The a d s o r p t i o n  t o  and e l u t i o n  from Alumina C7 o f  a-GPDH from 




a c t i v i t y
(U /m l)
T o t a l
a c t i v i t y
(U)
%
r e c o v e r y
P r o t e i n  
co n c .  
(m g /m l )
S p e c i f i c
a c t i v i t y
(U/mg)
1 4 . 5KP(T) 1 4 . 0 5 . 3 8 75 .3 2 100 3 . 3 5 0 1 . 6 0
S ' n a t a n t 1 9 . 5 0 . 1 9 3 . 7 0 4 . 9 1 0 . 2 3 9 0 . 7 9
Wash 7 . 0 0 . 0 1 0 . 0 7 0 . 0 9 0 . 0 5 3 0 . 1 9
E l u a t e :
5 OmM 1 0 . 0 0 . 0 4 0 . 4 0 0 . 5 3 0 . 1 4 6 0 . 2 7
10 OmM 1 0 .0 0 . 2 4 2 . 4 0 3 . 1 9 0 . 2 5 6 0 . 9 4
15 OmM 1 0 .0 2 . 2 6 2 2 . 6 0 3 0 . 0 0 0 . 3 4 7 6 . 5 1
20 OmM 1 0 . 0 2 . 4 7 2 4 . 7 0 3 2 . 7 9 0 . 2 7 8 8 . 8 8
2 5 OmM 1 0 . 0 1 .3 3 1 3 .3 0 1 7 .6 6 0 . 1 8 7 7 .1 1
30 OmM 1 0 . 0 0 . 9 2 9 . 2 0 1 2 .2 0 . 1 7 9 5 . 1 4
50 OmM 1 0 . 0 0 . 4 6 4 . 6 0 6 . 1 0 . 2 6 0 1 .7 7
Combined 
150,  200,  
2 5 OmM 
e l u a t e s 2 8 . 0 1.91 5 3 .4 8 7 1 .0 0 0 . 3 4 7 5 . 5 0
I l l
( c h r o m a t o g r a p h y  b u f f e r ) .  Enzyme e x t r a c t  was a p p l i e d  t o  t h e  co lum n  an d  
w a sh e d  t h r o u g h  w i t h  s e v e r a l  co lumn v o lu m es  o f  c h r o m a t o g r a p h y  b u f f e r .  
F r a c t i o n s  o f  t h e  e l u a n t  o b t a i n e d  d u r i n g  l o a d i n g  an d  t h e  s u b s e q u e n t  
wa sh  w e r e  a s s a y e d  f o r  a-GPDH a c t i v i t y .  A l i n e a r  g r a d i e n t  o f  0-85% 
( v / v )  e t h y l e n e  g l y c o l  i n  c h r o m a t o g r a p h y  b u f f e r  was a p p l i e d  t o  t h e  
co lumn a t  a r a t e  o f  up t o  1 6 m l / h o u r  an d  f r a c t i o n s  c o l l e c t e d  a t  a 
s u i t a b l e  r a t e .  T h i s  m e th o d  was i n c l u d e d  i n  t h e  f i n a l  p u r i f i c a t i o n  
scheme when t h e  p r e c i s e  m e t h o d  u s e d  was a s  d e s c r i b e d  b e lo w .
E q u i l i b r a t e d  p h e n y l - s e p h a r o s e  was p a c k e d  i n t o  an  1 8 . 0  x  1 .6cm 
co lum n  a n d  w a s h e d  w i t h  s e v e r a l  co lum n  v o l u m e s  o f  c h r o m a t o g r a p h y  b u f f e r  
( s e e  a b o v e ) .  The a p p r o p r i a t e  enzyme e x t r a c t ,  up t o  30ml i n  v o l u m e ,  
was a p p l i e d  t o  t h e  column a t  3 5 m l / h o u r  by m eans  o f  a  p e r i s t a l t i c  pump. 
The l o a d e d  co lum n was t h e n  w a s h e d  w i t h  c h r o m a t o g r a p h y  b u f f e r .  D u r i n g  
l o a d i n g  a n d  w a s h i n g ,  f r a c t i o n s  w e r e  c o l l e c t e d  a n d  a s s a y e d  f o r  a-GPDH 
a c t i v i t y ;  no  l e a k a g e  o f  enzyme was f o u n d  d u r i n g  an y  r u n  o f  t h e  co lu m n .  
A 0-85% ( v / v )  l i n e a r  g r a d i e n t  o f  e t h y l e n e  g l y c o l  i n  c h r o m a t o g r a p h y  
b u f f e r ,  t o t a l  volum e 2 0 0 m l ,  was  t h e n  a p p l i e d  t o  t h e  column a t  
1 5 m l / h o u r  a n d  f r a c t i o n s  c o l l e c t e d  e v e r y  s i x  m i n u t e s .  The r e c o v e r y  o f  
a-GPDH a c t i v i t y  c o n s i s t e n t l y  o c c u r r e d  b e t w e e n  35 a n d  60% ( v / v )  
e t h y l e n e  g l y c o l  a s  d e t e r m i n e d  by r e f r a c t i v e  i n d e x  m e a s u r e m e n t s ,  a 
t y p i c a l  p e a k  b e i n g  shown i n  F i g u r e  27.
The p r o t e i n  c o n t e n t  o f  t h e  f r a c t i o n s  p r o v e d  d i f f i c u l t  t o  m e a s u r e ,  
t h e  p r e s e n c e  o f  e t h y l e n e  g l y c o l  i n t e r f e r i n g  w i t h  t h e  B io -R ad  
d y e - b i n d i n g  m e t h o d ,  a b s o r b a n c e  a t  260/280nm an d  t h e  Lowry m e t h o d  
(B e n s a d o u n  a n d  W e i n s t e i n ,  1976 ;  P e t e r s o n ,  1 9 7 9 ) .  T h i s  p ro b l e m  was 
overcom e by M i s s e t  an d  O p p e r d o e s  (1 9 8 4 )  by t h e  u s e  o f  t h e  
f l u o r e s c a m i n e  m e th o d  ( B o h l e n  e t  a l . ,  1 9 7 3 )  b u t  f o r  t h e  work r e p o r t e d
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h e r e  an  a p p r o x i m a t i o n  o f  t h e  p r o t e i n  c o n t e n t  o f  t h e  p o o l e d  p ea k  
f r a c t i o n s  was o b t a i n e d  by t h e  m o d i f i e d  Lowry m e t h o d  o f  P a c e  e t  a l .  
( 1 9 7 4 ) .  A f t e r  u s e ,  t h e  co lumn was r e g e n e r a t e d  by w a s h i n g  w i t h  one  
co lum n  v o lu m e  o f  d i s t i l l e d  w a t e r  f o l l o w e d  by co lum n  v o l u m e s  o f  
e t h a n o l ,  b u t a n - l - o l ,  e t h a n o l  an d  f i n a l l y  a  f u r t h e r  v o lu m e  o f  d i s t i l l e d  
w a t e r .  The r e s i n  was t h e n  r e - e q u i l i b r a t e d  a s  d e s c r i b e d  a b o v e .
The t y p i c a l  o v e r a l l  r e c o v e r y  o f  ibf-GPDH a c t i v i t y  f rom a 
p h e n y l - s e p h a r o s e  c h r o m a t o g r a p h y  co lum n  was o v e r  1 0 0 %, t h a t  f rom t h e  
p e a k  i n  F i g u r e  27 b e i n g  103.3%.  The m o s t  a c t i v e  f r a c t i o n s  w e r e  
p o o l e d ,  y i e l d i n g  a  r e c o v e r y  o f  80.9% a c t i v i t y .  The p r o t e i n  c o n t e n t  o f  
t h i s  p o o l  was e s t i m a t e d  a s  a p p r o x i m a t e l y  12.5% o f  t h a t  a p p l i e d ,  
l e a d i n g  t o  an  o b v i o u s l y  s i g n i f i c a n t  i n c r e a s e  i n  s p e c i f i c  a c t i v i t y  
a l t h o u g h  one w h i c h  c o u l d  n o t  be r e l i a b l y  q u a n t i f i e d .  The p o o l e d  
f r a c t i o n s  w e r e  r e t a i n e d  f o r  u s e  i n  t h e  n e x t  s t a g e  o f  t h e  p u r i f i c a t i o n  
sch e m e .
F i g u r e  27:  The r e c o v e r y  o f  t r y p a n o s o m a l  a-GPDH from a  1 8 . 0  x 1 . 6  cm
column o f  p h e n y l  s e p h a r o s e  e q u i l i b r a t e d  w i t h  _25raM T r i s - H C l  
b u f f e r  c o n t a i n i n g  5raM EDTA, ImM DTT, lpM l e u p e p t i n  an d  50mM 
ammonium s u l p h a t e ,  pH 7 . 8 .  Up t o  30ml enzyme e x t r a c t  was 
l o a d e d  o n t o  t h e  co lumn a t  3 5 m l / h r  an d  t h e  co lumn w a sh e d  
t h r o u g h  w i t h  one  volume o f  t h e  b u f f e r  d e s c r i b e d  a b o v e .  
E l u t i o n  o f  t h e  colum n was t h e n  c a r r i e d  o u t  w i t h  a 200ml 0 -  
85% (w / v )  l i n e a r  g r a d i e n t  o f  e t h y l e n e  g l y c o l  i n  t h e  a b o v e  
b u f f e r ,  a p p l i e d  t o  t h e  co lum n  a t  1 5 m l / h r .  F r a c t i o n s  w e re  
c o l l e c t e d  e v e r y  s i x  m i n u t e s .  The t y p i c a l  r e c o v e r y  o f  
a-GPDH f o r  s u c h  a colum n was o v e r  100%, t h e  m o s t  a c t i v e  
f r a c t i o n s  b e i n g  p o o l e d  t o  y i e l d  a p p r o x i m a t e l y  80.9% o f  
a p p l i e d  a c t i v i t y  w i t h  an  e s t i m a t e d  i n c r e a s e  i n  s p e c i f i c  




























4.14: The p u r i f ica t ion  scheme
The p u r i f i c a t i o n  scheme  f i n a l l y  u s e d  i n v o l v e d  a c o m b i n a t i o n  o f  
t h e  m o s t  u s e f u l  an d  r e l i a b l e  o f  t h e  m e t h o d s  p r e v i o u s l y  d e s c r i b e d .  A 
1 4 . 5 K P ( T )  e x t r a c t  was p r e p a r e d  w i t h  l e u p e p t i n  a n d  a n t i p a i n  i n c l u d e d  i n  
t h e  d i s r u p t i o n  b u f f e r  a t  10 a n d  2QMg/ml r e s p e c t i v e l y .  The 1 4 .5 K P ( T )  
e x t r a c t  was t h e n  s u b j e c t e d  t o  a d s o r p t i o n  a n d  e l u t i o n  f rom A l u m i n a  C7 
an d  t h e  m o s t  a c t i v e  e l u a t e s  c o m b in e d  b e f o r e  b e i n g  a p p l i e d  t o  a 
p h e n y l - s e p h a r o s e  h y d r o p h o b i c  i n t e r a c t i o n  c h r o m a t o g r a p h y  co l u m n .  The 
p e a k  f r a c t i o n s  e l u t e d  f rom t h e  co lum n w e r e  p o o l e d  an d  t h i s  p o o l  t h e n  
a d s o r b e d  o n ce  a g a i n  t o  A lu m in a  C7 a n d  e l u t e d  e x a c t l y  a s  f o r  t h e  f i r s t  
a d s o r p t i o n .  The f r a c t i o n s  w e r e  n o t  p o o l e d  h o w e v e r  b u t  t h e  p r o t e i n  
c o n c e n t r a t i o n  o f  e a c h  was e s t i m a t e d .  A s a m p l e  o f  t h e  f r a c t i o n  w i t h  
t h e  h i g h e s t  s p e c i f i c  a c t i v i t y  was a p p l i e d  t o  a n  S D S - p o l y a c r y l a m i d e  g e l  
w i t h  s a m p l e s  f rom e a c h  o f  t h e  o t h e r  s t a g e s  a n d  m o l e c u l a r  w e i g h t  
m a r k e r s .  H a v in g  d e t e r m i n e d  t h e  e l e c t r o p h o r e t i c  p u r i t y  o f  t h i s  f i n a l  
f r a c t i o n  an d  e s t a b l i s h e d  t h e  a b s e n c e  o f  t r a c e s  o f  c o n t a m i n a t i n g  
en z y m e s ,  p a r t i c u l a r l y  t r i o s e  p h o s p h a t e  i s o m e r a s e ,  t h e  f r a c t i o n  h ad  
l e u p e p t i n  an d  a n t i p a i n  a d d e d  t o  i t  a s  b e f o r e .
T h i s  f r a c t i o n  was  t h e n  u s e d  f o r  i n v e s t i g a t i o n  o f  t h e  k i n e t i c
b e h a v i o u r  o f  t r y p a n o s o m a l  NAD+- 1 i n k e d l a - G P D H .  A t y p i c a l  p u r i f i c a t i o n  
t a b l e  i s  shown a s  F i g u r e  28 .  A l t h o u g h  t h e  f i n a l  y i e l d  of ja-GPDH 
a c t i v i t y  was low u s i n g  t h i s  p u r i f i c a t i o n  sch e m e ,  t h e  a c t i v i t y  a n d
s t a b i l i t y  o f  t h e  enzyme was s u f f i c i e n t  f o r  k i n e t i c  s t u d i e s  t o  be
c a r r i e d  o u t .
F i g u r e  28:  T y p i c a l  v a l u e s  o b t a i n e d  d u r i n g  t h e  p u r i f i c a t i o n  o f  a ^GPDH 
from T.  b r u c e i  by t h e  m e t h o d  d e s c r i b e d  i n  S e c t i o n  4 . 1 4
Sample Volume
(ml)
To t a l
A c t i v i t y
(U)
To ta l
P r o t e i n
(mg)
S p e c i f i c
A c t i v i t y
(U/mg)
P u r i f i c a t i o n
( - f o l d )
Y ie ld
(7o)
Homogenate 25.50 91.29 149.180 0.612 1 100
1 4 . 5KP(T) 10.20 90.04 21.160 4 .255 6.95 98.6
Alumina C7 
f r a c t i o n  1 15.87 57.05 3.396 16.799 27.45 62.5
P h e n y l -
s e ph a r os e
e l u a t e s
25.39 46 .16 NA NA NC 50.6
Alumina C> 
f r a c t i o n  2 17.77 4 .49 0.213 21.080 34.44 4.9
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CHAPTER 5:  THE KINETIC BEHAVIOUR OF TRYPANOSOMAL a-GPDH 
5 . 1 :  The m e t h o d s  u s e d
5 . 1 . 1 :  The a c c u r a t e  d e t e r m i n a t i o n  o f  NADH a n d  DHAP c o n c e n t r a t i o n s
I n  o r d e r  t h a t  t h e  e x a c t  r e q u i r e d  s u b s t r a t e  c o n c e n t r a t i o n s  s h o u l d  
be  u s e d  f o r  k i n e t i c  m e a s u r e m e n t s ,  a p p r o x i m a t e  s t o c k  s o l u t i o n s  w e r e  
p r e p a r e d  i n  a s s a y  b u f f e r  (50mM p h o s p h a t e  b u f f e r  p l u s  8mM MgCl^,  pH 
7 . 4 )  a n d  t h e n  e s t i m a t e d  a s  d e s c r i b e d  b e lo w .  The c o n c e n t r a t i o n  o f  NADH 
was d e t e r m i n e d  by d i l u t i o n  o f  a s a m p l e  o f  t h e  s t o c k  s o l u t i o n  w i t h  
a s s a y  b u f f e r  an d  m e a s u r e m e n t  o f  t h e  a b s o r b a n c e  a t  340nm v e r s u s  a 
b u f f e r  b l a n k .  The m o l a r  a b s o r p t i o n  c o e f f i c i e n t  f o r  NADH i s  6 . 2 2  x 10^  
/ l i t r e / c m / m o l e  ( i e  a lraM s o l u t i o n  o f  NADH h a s  an  a b s o r b a n c e  o f  6 . 2 2  
u n i t s  a t  340nm) an d  f rom t h i s  v a l u e  t h e  c o n c e n t r a t i o n  o f  any s o l u t i o n  
o f  NADH was c a l c u l a t e d .
The c o n c e n t r a t i o n  o f  a  s o l u t i o n  o f  DHAP was d e t e r m i n e d  
e n z y m a t i c a l l y .  I n t o  a  lral p l a s t i c  c u v e t t e  was p l a c e d :
5mM NADH 1 0 0 /d
a s s a y  b u f f e r  8 4 0 m1
Enzyme e x t r a c t  5D'/d
When an  a b s o r b a n c e  b a s e - l i n e  h a d  b e e n  e s t a b l i s h e d  1 0 / d  DHAP s o l u t i o n  
was a d d e d  an d  t h e  d e c r e a s e  i n  a b s o r b a n c e  r e c o r d e d  u n t i l  no f u r t h e r  
c h a n g e  was s e e n .  The enzyme e x t r a c t  u s e d  was a  1 4 .5 K P ( T )  s a m p le  o f  
s u f f i c i e n t  a c t i v i t y  t o  c a t a l y s e  t h e  r e a c t i o n  o c c u r i n g ,  w h i c h  was:
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NADH + H+ + DHAP ,a . I ^ ? DH > a - G P  + NAD+
I n  t h e  p r e s e n c e  o f  an  e x c e s s  o f  NADH, t h e  c h a n g e  i n  a b s o r b a n c e  was
p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  DHAP i n  t h e  a s s a y .  S i n c e  DHAP
an d  NADH r e a c t  i n  e q u i m o l a r  q u a n t i t i e s  t h e  c h a n g e  i n  a b s o r b a n c e  was 
r e l a t e d  t o  DHAP c o n c e n t r a t i o n  by c a l c u l a t i o n  u s i n g  t h e  m o l a r  
a b s o r p t i o n  c o e f f i c i e n t  o f  NADH a s  b e f o r e .
5 . 1 . 2 :  K i n e t i c  m e a s u r e m e n t s
The r e a c t i o n  was f o l l o w e d  a s  b e f o r e  by m e a s u r e m e n t  o f  t h e  r a t e  o f  
d i s a p p e a r a n c e  o f  NADH a t  340nm an d  37°C .  K i n e t i c  e x p e r i m e n t s  w e r e  
c a r r i e d  o u t  i n  p l a s t i c  c u v e t t e s  w i t h  a  1ml vo lume r e a c t i o n  m i x t u r e .
A l l  c o m p o n e n t s  o f  t h e  r e a c t i o n  w e r e  p r e p a r e d  i n  50mM p h o s p h a t e  b u f f e r  
w i t h  8mM MgCl^,  pH 7 . 4  ( a s s a y  b u f f e r )  a n d  t h e  pH o f  e a c h  s o l u t i o n
a d j u s t e d  t o  7 . 4 .  The s o l u t i o n s  w e r e  a l l  k e p t  on i c e  w i t h  t h e
e x c e p t i o n  o f  t h e  b u f f e r  i t s e l f  w h i c h  was i n c u b a t e d  a t  4 0 . 3 ° C .  The 
c u v e t t e - h o l d e r  o f  t h e  C e c i l  CE 212 s p e c t r o p h o t o m e t e r  u s e d  h a d  a 
w a t e r - j a c k e t  w h i c h  was f o u n d  t o  be m a i n t a i n e d  a t  37°C when t h e  
c i r c u l a t i n g  w a t e r  was a t  4 0 . 3 ° C .
A l l  r e a c t a n t s  b u t  t h e  enzyme w e r e  p l a c e d  i n t o  t h e  c u v e t t e  a n d  
l e f t  t o  s t a n d  i n  t h e  c u v e t t e - h o l d e r  f o r  a  minimum o f  s e v e n  m i n u t e s  
b e f o r e  t h e  r e a c t i o n  was s t a r t e d ,  t h i s  h a v i n g  b e e n  d e t e r m i n e d  a s  
s u f f i c i e n t  t i m e  f o r  t h e  r e a c t i o n  m i x t u r e  t o  r e a c h  37°C.  The enzyme 
e x t r a c t ,  10^1 i n  v o lu m e ,  was a d d e d  t o  i n i t i a t e  t h e  r e a c t i o n .  The 
c h a r t  s p e e d  an d  s c a l e  e x p a n s i o n  w e r e  u s e d  t o  e n s u r e  t h a t  t h e  p r o g r e s s
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o f  e a c h  r e a c t i o n  was l i n e a r  an d  s i m p l e  t o  d e t e r m i n e  f rom t h e  i n i t i a l  
r a t e .  E ach  a s s a y  was c a r r i e d  o u t  i n  d u p l i c a t e  a n d  a " s t a n d a r d  a s s a y "  
r u n  w i t h  e a c h  e x p e r i m e n t ;  t h i s  s t a n d a r d  a s s a y ,  c o n t a i n i n g  0.2mM NADH 
and  0.5mM DHAP a s  s u b s t r a t e s ,  was r u n  i n  t r i p l i c a t e  w i t h  10Ml o f  t h e  
p u r e  enzyme s o l u t i o n  an d  t h e  r a t e s  o b t a i n e d  u s e d  t o  a d j u s t  t h e  
e x p e r i m e n t a l  v a l u e s  t o  a  common s t a r t i n g  p o i n t .  The i n v e s t i g a t i o n s  
c a r r i e d  o u t  w e r e  a s  f o l l o w s :
A) To i n v e s t i g a t e  an y  i n h i b i t o r y  e f f e c t  on a-GPDH a c t i v i t y  o f  ar-GP a t  
0 ,  0 . 0 3 ,  0 . 0 6  an d  0 .1M.
B) To i n v e s t i g a t e  any  i n h i b i t o r y  e f f e c t  on a-GPDH a c t i v i t y  o f  NAD+ a t  
0 ,  0 . 5  an d  5.0mM.
C) C o n t r o l  e x p e r i m e n t s  t o  d e t e r m i n e  w h e th e r ;« -G P D H  a c t i v i t y  was  
a f f e c t e d  by 0.1M p h o s p h a t e  b u f f e r  a n d  0.1M 0 - G P .
The c o n c e n t r a t i o n s  q u o t e d  a b o v e  w e r e  a l l  f i n a l  c o n c e n t r a t i o n s  i n  
t h e  c u v e t t e ,  a - G P  b e i n g  a d d e d  a t  0.5M,  NAD+ a t  50mM, /9-GP a t  0.1M a n d  
p h o s p h a t e  b u f f e r  a t  0 .25M. E a c h  e x p e r i m e n t  was c a r r i e d  o u t  u s i n g  a  
g r i d  s y s t e m  a s  shown i n  F i g u r e  29 ,  s t o c k  s o l u t i o n s  o f  NADH a n d  DHAP 
b e i n g  0.5mM a n d  lOmM r e s p e c t i v e l y  a n d  e f f e c t o r s  a d d e d  when r e q u i r e d .  
The vo lum e o f  a s s a y  b u f f e r  was a d j u s t e d  t o  m a i n t a i n  t h e  t o t a l  a s s a y  
vo lume a t  1m l .
F i g u r e  29:  The g r i d  s y s t e m  u s e d  d u r i n g  t h e  k i n e t i c  s t u d i e s  o f  a-GPDH 
from T.  b r u c e i






5 . 2 :  R e s u l t s  o b t a i n e d  f rom t h e  k i n e t i c  s t u d y  o f  t r y p a n o s o m a l  <*-GPDH
5 . 2 . 1 :  D e t e r m i n a t i o n  o f  k i n e t i c  p a r a m e t e r s  i n  t h e  a b s e n c e  o f  
i n h i b i t o r s
K i n e t i c  d a t a  w e r e  o b t a i n e d  by m e a s u r i n g  r e a c t i o n  r a t e s
s p e c t r o p h o t o m e t r i c a l l y  a t  e a c h  o f  f o u r  c o n c e n t r a t i o n s  o f  DHAP a n d  NADH
( s e e  s e c t i o n  5 . 1 . 2 ) ;  t h u s  a  4 x 4 g r i d  o f  v a l u e s  was o b t a i n e d .  A l l
k i n e t i c  m e a s u r e m e n t s  w e re  made i n  d u p l i c a t e .
The p r i m a r y  d a t a  w e re  a n a l y s e d  by t h e  d i r e c t  l i n e a r  p l o t
( E i s e n t h a l  a n d  C o r n i s h - B o w d e n ,  1974;  C o r n i s h - B o w d e n  an d  E i s e n t h a l ,
197 8)  i n  b l o c k s ,  f i r s t l y  t r e a t i n g  DHAP a s  t h e  v a r i a b l e  s u b s t r a t e  a t
e a c h  o f  t h e  f o u r  f i x e d  NADH c o n c e n t r a t i o n s .  From t h i s  a n a l y s i s
e s t i m a t e s  o f  V , * an d  V ( x/K ,  x w e r e  o b t a i n e d .  T h e s em a x ( a p p )  m a x ( a p p )  m ( a p p )
w e r e  t h e n  t r e a t e d  a s  t h e  v a r i a b l e s  i n  s e c o n d a r y  p l o t s  a g a i n s t  t h e  
f i x e d  (NADH) v a l u e s  t o  g i v e  e s t i m a t e s  o f  t h e  f o u r  k i n e t i c  p a r a m e t e r s
Vmax> Km(DHAP)> Km(NADH) a n d  Ka b  a c c o r d i n g  t o  t h e  e q u a t i o n :
Vmax
v =   —-----------
1 + Km(NADH) + Km(DHAP) + Kab
( NADH) ( DHAP) ( NADH) ( DHAP)
S t a n d a r d  e r r o r s  w e r e  c a l c u l a t e d  f rom 6 8 % c o n f i d e n c e  l i m i t s  g i v e n  by
1 2 1
t h e  a n a l y s i s .
The a n a l y s i s  was t h e n  r e p e a t e d  i n  a c o n v e r s e  m an n e r ,  t r e a t i n g  
NADH a s  t h e  v a r i a b l e  and DHAP a s  t h e  f i x e d  s u b s t r a t e .  The r e s u l t i n g  
e s t i m a t e s  o f  t h e  k i n e t i c  c o n s t a n t s  w e re  w e i g h t e d  a c c o r d i n g  t o  t h e  
r e c i p r o c a l  o f  t h e  v a r i a n c e  and t h e  r e s u l t s  g i v e n  below r e p r e s e n t  
w e i g h t e d  m e a n s :
T a b l e  20 : K i n e t i c  c o n s t a n t s  f o r  t r y p a n o s o m a l  «-GPDH
K i n e t i c
c o n s t a n t
V a lu e
Vmax 6 4 . 9.^mol /min/mg p r o t e i n
K 0 . 1 2 5  ± 0 . 0 4 3mMma
Kmb 1 3 . 6  + 4 . 7mM
Kab 0 . 0 7 6  + 0 . 008mM2
where  a i s  NADH and b i s  DHAP. The c a l c u l a t i o n  o f  V i s  shown i nmax
F i g u r e  30.
F i g u r e  30:  The c a l c u l a t i o n  o f  V f o r  t h e  <*-GPDH o f  T.  b r u c e imax -----------------
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1 7 . 7 7 m l s  e x t r a c t  c o n t a i n e d  0 .213mg p u r e  enzyme ( s e e  F i g u r e  2 8 ) .  
T h e r e f o r e  10^1 enzyme e x t r a c t  c o n t a i n e d  1 . 1 9 9  x 10 ^mg p u r e  enzyme .  
Vmax was 2 6 . 6 9 m“ o1 NADH/min/0 .012mg.
T h e r e f o r e  Vmax was 2 .224mmol  NADH/min/mg p u r e  enzyme.
0 .213mg was 4 . 9 % o r i g i n a l  a c t i v i t y .
T h e r e f o r e  4 . 347mg a - G P D H / 2 . 55 x 10*^ c e l l s ,  e q u i v a l e n t  t o  
9 . 6 6 8 m m o l / m i n / 2 . 55 x 1 0 ^  c e l l s .
Q
Vmax = 0 . 0 3 7 9 m m o l / m i n / l  x  10 c e l l s .
8D u r i n g  t h i s  w o rk  1 x  10 c e l l s  was e s t i m a t e d  a s  c o n t a i n i n g  0 .584mg 
p r o t e i n .
So Vmax = 0 . 0 3 7 9 m m o l / m i n / 0 .5 8 4 m g  p r o t e i n ,  e q u i v a l e n t  t o  
0 . 064 9m mol/min /mg p r o t e i n . .
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5 . 2 . 2 :  D e t e r m i n a t i o n  o f  t h e  e f f e c t  o f  p r o d u c t  i n h i b i t i o n  on t h e
k i n e t i c  b e h a v i o u r  o f  t r y p a n o s o m a l  a-GPDH a n d  p r e d i c t i o n  o f  a 
p o s s i b l e  k i n e t i c  m ec h a n i s m
E x am p le s  o f  g r a p h i c a l  r e p r e s e n t a t i o n  o f  t h e  k i n e t i c  d a t a  o b t a i n e d  
f rom a s s a y s  c a r r i e d  o u t  i n  t h e  a b s e n c e  o f  i n h i b i t o r s  a n d  i n  t h e  
p r e s e n c e  o f  NAD* a n d  «-GP a s  i n h i b i t o r s  a r e  shown a s  F i g u r e s  31 a n d  
32 ,  33 t o  36 a n d  37 t o  40 r e s p e c t i v e l y .  The p a r a m e t e r s  o b t a i n e d  a r e  
t a b u l a t e d  i n  F i g u r e s  4 1 ,  4 2 ,  43 a n d  4 4 .  From t h e s e  r e s u l t s  c e r t a i n  
t r e n d s  w e r e  a p p a r e n t  a n d  t h e s e  a r e  s u m m a r i s e d  i n  T a b l e  21 .
The f o l l o w i n g  c o n c l u s i o n s  c a n  t h u s  be d ra w n:
a )  U s i n g  NAD+ a s  a n  i n h i b i t o r  w i t h  v a r y i n g  NADH a n d  f i x e d  DHAP, t h e  
^ m a x ( a p p )  v a * ue r e m a i n e d  a p p r o x i m a t e l y  c o n s t a n t  w h i l e  t h e  
Kn ( a p p ) / V ma x ( a p p )  v a l ue  i n c r e a s e d  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  o f  
NAD*, s h o w in g  t h a t  NAD+ i s  a  c o m p e t i t i v e  i n h i b i t o r  w i t h  r e s p e c t  
t o  NADH.
b )  When NAD* was a c t i n g  a s  an  i n h i b i t o r  a t  v a r y i n g  c o n c e n t r a t i o n s  o f
DHAP an d  f i x e d  NADH, t h e  v a l u e  o f  V ,  N d e c r e a s e d  w h i l e  t h emaxQapp;
v a l u e  o f  K ,  x/ v  ✓ \ i n c r e a s e d  w i t h  i n c r e a s i n g  c o n c e n t r a t i o nmCapp)  m a x ( a p p )  &
o f  NAD*, i n d i c a t i v e  o f  m i x e d  i n h i b i t i o n .
c )  When a-GP was a c t i n g  a s  an  i n h i b i t o r  w i t h  r e s p e c t  t o  NADH, t h e
v a l u e  o f  V , v d e c r e a s e d  w h i l e  t h e  v a l u e  o f  K / %/V f  \r a a x ( a p p )  m ( a p p )  m a x ( a p p )
i n c r e a s e d  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  o f a - G P ,  sh o w in g  m i x e d  
i n h i b i t i o n .
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d )  W i t h \ a - G P  a c t i n g  a s  an  i n h i b i t o r  a t  v a r y i n g  DHAP a n d  f i x e d  NADH,
t h e  v a l u e  o f  V ,  N d e c r e a s e d  w h i l e  t h e  v a l u e  o f  m a x ( a p p )
K / v/V , \  i n c r e a s e d  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  o f  a - G P ,m ( a p p )  m a x ( a p p )  6  *
a g a i n  s h o w in g  m i x e d  i n h i b i t i o n .
I n h i b i t o r  c o n s t a n t s  (K^ v a l u e s )  w e r e  d e t e r m i n e d  f rom t h e  g r a p h s  
shown a s  F i g u r e s  45 t o  4 8 .  The l i n e s  drawn on t h e s e  g r a p h s  w e r e  
c a l c u l a t e d  a s  l i n e s  o f  l i n e a r  r e g r e s s i o n  u s i n g  w e i g h t e d
^ m ( a p p ) ^ m a x ( a p p )  v a ^ u e s i w b e r e  t h e  w e i g h t i n g  was p r o p o r t i o n a l  t o  t h e  
r e c i p r o c a l  o f  t h e  s t a n d a r d  e r r o r  f o r  t h a t  v a l u e .  The v a l u e s  o b t a i n e d  
a r e  shown i n  T a b l e  22.
From t h e  r e s u l t s  o b t a i n e d  i t  was p o s s i b l e  t o  d e d u c e  a  p r o b a b l e  
k i n e t i c  m ech a n i s m  f o r  t r y p a n o s o m a l  a-GPDH. The S/V v e r s u s  S p l o t s  i n  
F i g u r e s  31 an d  32 b o t h  c l e a r l y  show t h a t  t h e  l i n e s  drawn i n t e r s e c t  t o  
t h e  l e f t  o f  t h e  y - a x i s ,  t h e r e f o r e  e l i m i n a t i n g  t h e  p i n g - p o n g  
( s u b s t i t u t e d  enz y m e )  m e c h a n i s m  i n  w h i c h  t h e  l i n e s  s h o u l d  i n t e r s e c t  on 
t h e  y - a x i s .  The g e n e r a l  u n i n h i b i t e d  r a t e  e q u a t i o n  t h u s  i m p l i e d  w as:
v =
Vmax
K + K . + (K ) (K v )ma mb s a  mb
(A) (B) (A ) (B )
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The t h r e e  m o s t  common k i n e t i c  m e c h a n i s m s  c o n s i s t e n t  w i t h  t h i s  e q u a t i o n  
a r e  t h e  r a p i d  random e q u i l i b r i u m  m e c h a n i s m , t h e  c o m p u l s o r y - o r d e r  
m echan i sm  an d  t h e  T h e o r e l l - C h a n c e  m e c h a n i s m .  The t h r e e  may be 
d i s t i n g u i s h e d  by t h e i r  d i f f e r e n t  p a t t e r n s  o f  p r o d u c t  i n h i b i t i o n .
Where t h e  r e a c t i o n  o c c u r r i n g  i s  A + B >? + Q ( a s s u m i n g  A b i n d i n g  t o
t h e  enzyme f i r s t  an d  P b e i n g  r e l e a s e d  f rom t h e  enzyme l a s t  f o r  b o t h  
t h e  c o m p u l s o r y  o r d e r  an d  T h e o r e l l - C h a n c e  m e c h a n i s m s )  t h e n  t h e  p a t t e r n s  
o f  p r o d u c t  i n h i b i t i o n  a r e  a s  shown i n  T a b l e  23.
The r e s u l t s  o b t a i n e d  f o r  t r y p a n o s o m a l  a-GPDH w e r e  t h e r e f o r e  o n l y
c o n s i s t e n t  w i t h  a c o m p u l s o r y - o r d e r  k i n e t i c  m echan i sm  w i t h  NADH
( r e p r e s e n t e d  by A i n  T a b l e  2 3 )  b i n d i n g  f i r s t  an d  NAD+ ( r e p r e s e n t e d  by
B) b e i n g  r e l e a s e d  l a s t .
H a v in g  c o n c l u d e d  t h a t  a c o m p u l s o r y - o r d e r  m echan i sm  was i n
o p e r a t i o n ,  i t  was a p p a r e n t  t h a t  t h e  K ^ v a l u e  o b t a i n e d  i n  S e c t i o n
5 . 2 . 1  was e q u i v a l e n t  t o  K K , ( s e e  a b o v e ) .  The K v a l u e  f o r  NADH wass a  mb s
t h u s  c a l c u l a t e d  a s  5.588>iM.
1 2 6
T a b l e  21: V a r i a t i o n  o f  v a l u e s  o f  k i n e t i c  p a r a m e t e r s  w i t h  i n c r e a s i n g  
i n h i b i t o r  c o n c e n t r a t i o n
I n h i b i t o r V a r i e d
s u b s t r a t e
F i x e d
s u b s t r a t e
^ m ax (a p p ) K /  V m (ap p )  m a x ( a p p )
NAD+ NADH DHAP c o n s t a n t i n c r e a s e
NAD+ DHAP NADH d e c r e a s e i n c r e a s e
a-GP NADH DHAP d e c r e a s e i n c r e a s e
a -G P DHAP NADH d e c r e a s e i n c r e a s e
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T a b l e  22:  I n h i b i t o r  c o n s t a n t s  f o r  t r y p a n o s o m a l  «-GPDH
I n h i b i t o r A c t i n g  upon K.1
(mM)
NAD* DHAP i n f i n i t y
NAD+ NADH 4 . 1 2 2  + 0 . 0 5 2
a - G P DHAP 1 2 . 3  + 0 . 8
a- G P NADH 5 5 . 8  + 3 . 9
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T a b l e  23:  P r o d u c t  i n h i b i t i o n  p a t t e r n s  f o r  t h r e e  b i s u b s t r a t e  m ech a n i s m s  
w he re  t h e  c o n c e n t r a t i o n  o f  t h e  f i x e d  s u b s t r a t e  i s  n o t  
s a t u r a t i n g  (Comp. -  c o m p e t i t i v e )
Mechanism V a r i a b l e
s u b s t r a t e
P r o d u c t  a c t i n g  
as  i n h i b i t o r
P Q
R a p id  random A Comp. Comp.
e q u i l i b r i u m B Comp. Comp.
Com pulso ry A C omp. Mixed
o r d e r B Mixed Mixed
T h e o r e l l - A Comp. Mixed
Chance B Mixed Comp.
F i g u r e  31: H a l f - r e c i p r o c a l  p r i m a r y  p l o t  (Hanes  p l o t )  f o r  t h e  a c t i v i t y  
o f  a-GPDH i n  t h e  a b s e n c e  o f  i n h i b i t o r s .  The s u b s t r a t e  
r e p r e s e n t e d  by S on t h e  g r a p h  was NADH and t h e  
c o n c e n t r a t i o n s  o f  DHAP were  a s  f o l l o w s :
O 0.20mM DHAP 
•  0 . 75mM DHAP
□ 1. 50mM DHAP





0 •025 -0 5
S
F i g u r e  32: H a l f - r e c i p r o c a l  p r i m a r y  p l o t  (Hanes  p l o t )  f o r  t h e  a c t i v i t y  
o f  a-GPDH i n  t h e  a b s e n c e  o f  i n h i b i t o r s .  The s u b s t r a t e  (S )  
i s  DHAP and t h e  c o n c e n t r a t i o n s  o f  NADH w ere  a s  f o l l o w s :
O 0.005mM NADH 
•  O.OlOmM NADH 
□ 0.025mM NADH 





51 2 3 4
IF i g u r e  33: H a l f - r e c i p r o c a l  p r i m a r y  p l o t  (Hanes  p l o t )  f o r  t h e  a c t i v i t y  
o f  a-GPDH i n  t h e  p r e s e n c e  o f  NAD+ a s  i n h i b i t o r .  The 
v a r i a b l e  s u b s t r a t e  (S )  was DHAP and t h e  c o n c e n t r a t i o n  o f  
NADH was f i x e d  a t  0.025mM. The c o n c e n t r a t i o n s  o f  i n h i b i t o r  
w ere  a s  f o l l o w s :
OmM NAD+ □
0 . 5mM NAD+ A 
3 . OmM NAD+ A
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F i g u r e  34: H a l f - r e c i p r o c a l  p r i m a r y  p l o t  (Hanes  p l o t )  f o r  t h e  a c t i v i t y  
o f  a-GPDH i n  t h e  p r e s e n c e  o f  NAD+ a s  i n h i b i t o r .  The 
v a r i a b l e  s u b s t r a t e  (S )  was DHAP and t h e  c o n c e n t r a t i o n  o f  
NADH was f i x e d  a t  0.05mM. The c o n c e n t r a t i o n s  o f  i n h i b i t o r  
were  a s  f o l l o w s :
OmM NAD+ □
0 . 5mM NAD+ A 
5 . OmM NAD+ A

F i g u r e  35: H a l f - r e c i p r o c a l  p r i m a r y  p l o t  (Hanes  p l o t )  f o r  t h e  a c t i v i t y  
o f  a-GPDH i n  t h e  p r e s e n c e  o f  NAD+ a s  i n h i b i t o r .  The 
v a r i a b l e  s u b s t r a t e  ( S )  was NADH and t h e  c o n c e n t r a t i o n  o f  
DHAP was f i x e d  a t  1.5mM. The c o n c e n t r a t i o n s  o f  i n h i b i t o r  
were  a s  f o l l o w s :

F i g u r e  36: H a l f - r e c i p r o c a l  p r i m a r y  p l o t  (Hanes  p l o t )  f o r  t h e  a c t i v i t y  
o f  a-GPDH i n  t h e  p r e s e n c e  o f  NAD+ a s  i n h i b i t o r .  The 
v a r i a b l e  s u b s t r a t e  (S )  was NADH and t h e  c o n c e n t r a t i o n  o f  
DHAP was f i x e d  a t  5.0mM. The c o n c e n t r a t i o n s  o f  i n h i b i t o r  
we re  a s  f o l l o w s :
OmM NAD+ □
0 . 5mM NAD+ ▲
5 . OmM NAD+ A
015
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F i g u r e  37: H a l f - r e c i p r o c a l  p r i m a r y  p l o t  (Hanes  p l o t )  f o r  t h e  a c t i v i t y  
o f  ot-GPDH i n  t h e  p r e s e n c e  o f  a-GP a s  i n h i b i t o r .  The 
v a r i a b l e  s u b s t r a t e  (S )  was DHAP an d  t h e  c o n c e n t r a t i o n  o f  
NADH was f i x e d  a t  0.025mM. The c o n c e n t r a t i o n s  o f  i n h i b i t o r  
were  a s  f o l l o w s :
•  0.00M a - G P  
O 0.03M a -G P  
■ 0.06M a - G P  
□  0.10M a-GP
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F i g u r e  38: H a l f - r e c i p r o c a l  p r i m a r y  p l o t  (Hanes  p l o t )  f o r  t h e  a c t i v i t y  
o f  a-GPDH i n  t h e  p r e s e n c e  o f  a - G P  a s  i n h i b i t o r .  The 
v a r i a b l e  s u b s t r a t e  (S )  was DHAP and t h e  c o n c e n t r a t i o n  o f  
NADH was f i x e d  a t  O.OlmM. The c o n c e n t r a t i o n s  o f  i n h i b i t o r  
w e re  a s  f o l l o w s :
•  0.00M or-GP 
O0 .03M  a-GP 
■ 0.06M a - G P  
□  0 .  10M a - G P
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F i g u r e  39: H a l f - r e c i p r o c a l  p r i m a r y  p l o t  (Hanes  p l o t )  f o r  t h e  a c t i v i t y  
o f  a-GPDH i n  t h e  p r e s e n c e  o f  a - G P  a s  i n h i b i t o r .  The 
v a r i a b l e  s u b s t r a t e  (S )  was NADH and t h e  c o n c e n t r a t i o n  o f  
DHAP was f i x e d  a t  0.75mM. The c o n c e n t r a t i o n s  o f  i n h i b i t o r  
were  a s  f o l l o w s :
• 0., 00M a -GP
o 0. 03M a -GP
■ 0. 06M at -GP
□ 0., 10M a -GP
137
F i g u r e  40: H a l f - r e c i p r o c a l  p r i m a r y  p l o t  (Hanes  p l o t )  f o r  t h e  a c t i v i t y  
o f  ot-GPDH i n  t h e  p r e s e n c e  o f  a-GP a s  i n h i b i t o r .  The 
v a r i a b l e  s u b s t r a t e  ( S )  was NADH and t h e  c o n c e n t r a t i o n  o f  
DHAP was f i x e d  a t  5 . OmM. The c o n c e n t r a t i o n s  o f  i n h i b i t o r  
were  a s  f o l l o w s :
•  0.00M a - G P  
O 0.03M a - G P  
■ 0.06M a-GP 
□  0 . 10M a-GP
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F i g u r e  41:  P a r a m e t e r s  o b t a i n e d  f rom t h e  g r a p h i c a l  r e p r e s e n t a t i o n  o f  
k i n e t i c  d a t a  o b t a i n e d
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I n h i b i t o r  = NAD+
F i x e d  s u b s t r a t e  = DHAP





^m a x (ap p ) Km (ap p ) Kra (app)
Vm a x (a p p )
0 .0 0 .2 0 . 3 8 0 .0 0 6 2 0 . 0 1 6 3
0 . 5 0 .2 0 . 4 1 0 . 0 0 9 1 0 .0 2 2 2
5 . 0 0 .2 0 . 4 0 0 .0 2 0 0 0 . 0 5 0 0
0 .0 0 . 7 5 1 .5 0 0 .0 1 5 2 0 .0 1 0 1
0 . 5 0 . 7 5 1 .5 7 0 . 0 2 0 3 0 . 0 1 2 9
5 . 0 0 . 7 5 1 .3 7 0 .0 3 6 7 0 . 0 2 6 8
0 .0 1 .5 2 . 7 8 0 . 0 1 9 8 0 .0 0 7 1
0 . 5 1 .5 2 . 7 5 0 .0 2 2 7 0 . 0 0 8 2
5 . 0 1 .5 2 . 7 3 0 . 0 5 2 6 0 . 0 1 9 3
0 .0 5 . 0 8 .0 2 0 . 0 4 6 8 0 . 0 0 5 8
0 . 5 5 . 0 8 . 5 4 0 . 0 5 5 5 0 . 0 0 6 5
5 . 0 5 . 0 7 .7 6 0 . 1 0 2 7 0 . 0 1 3 2
F i g u r e  42:  P a r a m e t e r s  o b t a i n e d  f rom t h e  g r a p h i c a l  r e p r e s e n t a t i o n  o f  
k i n e t i c  d a t a  o b t a i n e d
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I n h i b i t o r  = NAD+
F i x e d  s u b s t r a t e  = NADH





Vm a x (a p p ) Km (a pp) Km (a pp)
^ m ax(app)
0 .0 0 . 0 0 5 0 . 8 3 8 0 . 7 6 7 0 . 9 1 5 3
0 . 5 0 . 0 0 5 0 . 8 2 6 1 .0 4 0 1 .259 1
5 . 0 0 . 0 0 5 0 . 3 7 0 0 . 7 8 7 2 . 1 2 7 0
0 .0 0 .0 1 2 .0 1 0 1 .670 0 .8 3 0 8
0 . 5 0 .0 1 1 .6 7 2 1 .3 6 0 0 . 8 1 3 4
5 . 0 0 .0 1 0 . 8 6 5 1 .2 5 0 1 .445 1
0 .0 0 . 0 2 5 4 . 5 6 6 2 .8 3 0 0 . 6 1 9 8
0 . 5 0 . 0 2 5 4 . 0 0 3 2 .7 3 0 0 .6 8 2 0
5 . 0 0 . 0 2 5 2 .0 1 0 1 .64 0 0 . 8 1 5 9
0 .0 0 . 0 5 7 .219 3 .8 7 0 0 .5361
0 . 5 0 . 0 5 6 . 6 2 4 3 .6 8 0 0 .5 5 5 6
5 . 0 0 . 0 5 3 . 6 6 6 2 .5 0 0 0 .6 8 1 9
F i g u r e  4 3 :  P a r a m e t e r s  o b t a i n e d  f rom t h e  g r a p h i c a l  r e p r e s e n t a t i o n  
k i n e t i c  d a t a  o b t a i n e d
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I n h i b i t o r  = a - G P  
F i x e d  s u b s t r a t e  = DHAP





Vm a x ( a p p ) Km (ap p ) Km (ap p )
Vm a x (a p p )
0 .0 0 0 .2 0 . 4 1 0 0 . 0 0 8 4 0 . 0 2 0 5
0 . 0 3 0 .2 0 . 1 1 4 0 . 0 0 7 6 0 . 0 6 6 7
0 . 0 6 0 .2 0 . 0 7 1 0 . 0 1 3 0 0 .1 8 3 1
0 .1 0 0 .2 0 . 0 4 7 0 . 0 1 3 0 0 . 2 7 6 6
0 .0 0 0 . 7 5 1 .6 7 2 0 .0 2 1 0 0 . 0 1 2 6
0 . 0 3 0 . 7 5 0 . 4 1 5 0 .0 1 2 0 0 . 0 2 8 9
0 . 0 6 0 . 7 5 0 . 2 1 9 0 . 0 0 9 3 0 . 0 4 2 5
0 .1 0 0 . 7 5 0 . 1 5 8 0 . 0 1 3 0 0 . 0 8 2 3
0 .0 0 1 .5 3 . 0 2 2 0 . 0 2 3 0 0 . 0 0 7 6
0 . 0 3 1 .5 0 . 8 3 6 0 . 0 1 4 0 0 . 0 1 6 7
0 . 0 6 1 .5 0 . 4 6 5 0 . 0 1 4 0 0 . 0 3 0 1
0 .1 0 1 .5 0 . 3 2 5 0 . 0 1 8 0 0 . 0 5 5 4
0 .0 0 5 . 0 7 .33 1 0 . 0 3 8 0 0 . 0 0 5 2
0 . 0 3 5 . 0 2 .7 8 1 0 . 0 2 8 0 0 .0 1 0 1
0 . 0 6 5 . 0 1 .4 8 2 0 .0 2 0 0 0 .0 1 3 5
0 .1 0 5 . 0 1 .021 0 . 0 2 5 0 0 . 0 2 4 5
F i g u r e  44:  P a r a m e t e r s  o b t a i n e d  f rom t h e  g r a p h i c a l  r e p r e s e n t a t i o n  o f  
k i n e t i c  d a t a  o b t a i n e d
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I n h i b i t o r  = a - G P
F i x e d  s u b s t r a t e  = NADH
V a r i a b l e  s u b s t r a t e  = 0 . 2  -  5 . OmM DHAP




Vm a x (a p p ) Km (a pp) Km ( a p p )
Vm a x (a p p )
0 . 0 0 0 . 0 0 5 0 . 9 1 0 1 .1 0 1 . 2 0 8 8
0 . 0 3 0 . 0 0 5 0 . 6 3 7 2 . 6 3 4 . 1 2 8 7
0 . 0 6 0 . 0 0 5 0 . 7 0 1 6 . 0 8 8 . 6 7 3 3
0 . 1 0 0 . 0 0 5 0 . 3 2 6 4 . 8 7 1 4 .9 3 8 6
0 . 0 0 0 . 0 1 2 . 0 4 2 1.61 0 . 7 8 4 4
0 . 0 3 0 . 0 1 1 .4 3 2 4 . 4 0 3 .0 7 2 6
0 . 0 6 0 . 0 1 1 .0 5 3 6 . 6 9 6 . 3 5 3 3
0 . 1 0 0 . 0 1 0 . 6 5 1 6 . 5 7 1 0 .0 9 2 2
0 . 0 0 0 . 0 2 5 4 . 2 2 8 2 .4 6 0 . 5 8 1 8
0 . 0 3 0 . 0 2 5 3 . 9 0 7 9 . 3 5 2 .3 9 3 1
0 . 0 6 0 . 0 2 5 2 . 5 2 4 1 0 .9 6 4 . 3 4 2 3
0 . 1 0 0 . 0 2 5 1.961 1 4 .19 7 .2361
0 . 0 0 0 . 0 5 7 .219 3 .9 5 0 . 5 4 7 2
0 . 0 3 0 . 0 5 4 . 6 1 4 9 .2 1 1.996 1
F i g u r e  45 :  S e c o n d a r y  p l o t  o f  ^m( a p p ) / V m a x ( a p p )  v s  f rom w h i c h  t h e
K. value shown in Table 22 was obtained
1
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0 * 0 1 2 5
m 0*01
0 - 0 0 7 5
0 - 0 0 2 5
32 40 1 5
I  = N A D *  (mM)
F i g u r e  46 :  S e c o n d a r y  p l o t  o f  ^ra( a p p ) /V m a x ^a pp^ v s  ( I )  f rom w h i c h  t h e  
v a l u e  shown i n  T a b l e  22 was o b t a i n e d
J___________ I--------
1 2
1 =  NAD* (mM)
F i g u r e  4 7 :  S e c o n d a r y  p l o t  o f  K x »/v ,  \  v s  ( I )  f rom w h i c h  t h e
6  J r  m ( a p p )  m a x ( a p p )
K. value shown in Table 22 was obtainedi
015
•100 •06•03
I - a - G P  (M)
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F i g u r e  48:  S e c o n d a r y  p l o t  o f  Km( a p p ) / V m a x ( a p p )  v s  f rom w h ich  t h e
v a l u e  shown i n  T a b l e  22 was o b t a i n e d
146
m
-10* 03 * 0 60
1 =  o - G P  (M)
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CHAPTER 6 : DISCUSSION
6 . 1 :  The a e r o b i c / a n a e r o b i c  t r a n s i t i o n  o f  g l u c o s e  m e t a b o l i s m  i n
T. b r u c e i
D u r i n g  t h e  i n v e s t i g a t i o n  o f  t h e  a e r o b i c / a n a e r o b i c  t r a n s i t i o n  o f  
g l u c o s e  m e t a b o l i s m  i n  T ry p a n o s o m a  b r u c e i , t h e  d a t a  g e n e r a t e d  
e x p e r i m e n t a l l y  was e x p r e s s e d  t h r o u g h o u t  a s  t h e  r a t i o  o f  g l y c e r o l  
p r o d u c e d  t o  p y r u v a t e  p r o d u c e d .  T h i s  m eans  o f  r e p r e s e n t a t i o n  had  two 
a d v a n t a g e s  o v e r  o t h e r  m e t h o d s :  f i r s t l y  t h a t  t h e  number  o f
t r y p a n o s o m e s  p r e s e n t  was i r r e l e v a n t  ( t h e  c o u n t i n g  o f  t h e  h i g h l y - m o t i l e  
c e l l s  b e i n g  s u b j e c t  t o  l a r g e  e r r o r s )  a n d  s e c o n d l y  t h a t ,  i f  t h e  
w i d e l y - h e l d  t h e o r i e s  o f  a n a e r o b i c  m e t a b o l i s m  i n  T.  b r u c e i  h o l d  t r u e ,  
t h e  g l y c e r o l : p y r u v a t e  r a t i o  s h o u l d  a l w a y s  h a v e  b ee n  u n i t y  o r  l e s s .
Such v a l u e s  w e r e  a n t i c i p a t e d  a s  s i m p l e  t o  r e p r e s e n t  g r a p h i c a l l y  an d  
a l s o  s u f f i c i e n t l y  ' m a n a g a b l e '  f o r  c o m p a r i s o n s  e a s i l y  t o  be mad e.
D u r i n g  t h e  t r a n s i t i o n  s t u d i e s  a  g l y c e r o l : p y r u v a t e  r a t i o  o f  a t  
l e a s t  0 . 0 7  was c o n s i s t e n t l y  f o u n d  i n  t h e  i n c u b a t i o n  m i x t u r e ,  e v e n  
u n d e r  a e r o b i c  c o n d i t i o n s .  I n v e s t i g a t i o n  o f  t h e  a v a i l a b l e  l i t e r a t u r e  
r e v e a l e d  t h a t  t h i s  was a l s o  t h e  c a s e  f o r  t h e  m a j o r i t y  o f  o t h e r  
w o r k e r s ,  among them R y l e y  ( 1 9 5 6 ) ,  F l y n n  an d  Bowman ( 1 9 7 3 )  an d  
M acK en zi e  e t  a l . ( 1 9 8 2 ) .  The p r e s e n c e  o f  g l y c e r o l  was a t t r i b u t e d  t o  
' t r a n s i e n t  a n a e r o b i c  c o n d i t i o n s '  a r i s i n g  d u r i n g  t h e  h a n d l i n g  o f  t h e  
t r y p a n o s o m e s  by F a i r l a m b  a n d  Bowman ( 1 9 8 0 a )  a n d  was d i s m i s s e d  a s  
i n s i g n i f i c a n t  by t h e  same a u t h o r s  i n  a n o t h e r  p i e c e  o f  work p u b l i s h e d  
i n  t h e  same y e a r  ( 1 9 8 0 b ) .  O t h e r  w o r k e r s  m e r e l y  i g n o r e  t h e  p r o d u c t i o n  
o f  g l y c e r o l  d u r i n g  t h e  i n c u b a t i o n  o f  t r y p a n o s o m e s  u n d e r  a e r o b i c
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c o n d i t i o n s ,  a s s u m i n g  e q u i m o l a r  p y r u v a t e  an d  g l y c e r o l  t o  be p r o d u c e d  
w i t h i n  e x p e r i m e n t a l  e r r o r .  I t  h a s  b e e n  shown i n  t h i s  work t h a t  t h e  
p r o d u c t i o n  o f  a  l e v e l  o f  g l y c e r o l  s l i g h t l y  h i g h e r  t h a n  t h a t  p r e d i c t e d  
was n o t  o n l y  s e e n  u n d e r  a n a e r o b i c  c o n d i t i o n s  b u t  a l s o  a e r o b i c  
c o n d i t i o n s  a n d  a t  e v e r y  m e a s u r e d  o x y g en  t e n s i o n  b e t w e e n  t h e s e  two 
e x t r e m e s .  T h a t  t h i s  g l y c e r o l  p r o d u c t i o n  was n o t  due t o  t r a n s i e n t  
a n a e r o b i c  c o n d i t i o n s  b e i n g  e x p e r i e n c e d  by t h e  t r y p a n o s o m e s  d u r i n g  
h a n d l i n g  c a n  be  p r o v e n  by t h e  f o l l o w i n g  c a l c u l a t i o n :
G l y c e r o l  i s  t h e o r e t i c a l l y  p r o d u c e d  a n a e r o b i c a l l y  a t  a  r a t e  o f
Q
5 M m o l / h o u r / l  x 10 c e l l s  (B r o h n  a n d  C l a r k s o n ,  1 9 8 0 ) .  The t i m e - l a p s e
i
b e t w e e n  r e m o v a l  o f  a  s a m p l e  o f  i n c u b a t i o n  medium a n d  r e n d e r i n g  i t  
c e l l - f r e e  p r i o r  t o  f r e e z i n g  was  a  maximum o f  two m i n u t e s .  The amount  
o f  g l y c e r o l  p r o d u c e d  i n  two m i n u t e s  i n  a  1ml vo lume a t  2 x 1 0  ^
c e l l s / m l  w o u l d  be  a p p r o x i m a t e l y  0 . 0 3 3 / i m o l .  The a c t u a l  amount  o f  
g l y c e r o l  c o n s i s t e n t l y  f o u n d  o v e r  a n d  ab o v e  t h a t  p r e d i c t e d  was b e t w e e n  
0 . 1  an d  0 . 2 f imol /ml a n d  s o ,  a l t h o u g h  t r a n s i e n t  a n a e r o b i o s i s  may h a v e  
o c c u r r e d  d u r i n g  h a n d l i n g ,  i t  was c e r t a i n l y  n o t  r e s p o n s i b l e  f o r  t h e  
e n t i r e  amount  o f  g l y c e r o l  p r o d u c e d .
A s e c o n d  r e a s o n  f o r  t h e  a p p a r e n t  e x c e s s  o f  g l y c e r o l  p r o d u c e d  
c o u l d  h a v e  b e e n  t h a t  t h e  g l y c e r o l  u s e d  t o  make up s t a n d a r d  s o l u t i o n s  
was l e s s  t h a n  100% p u r e ,  a s  g l y c e r o l  t a k e s  up w a t e r  w i t h  t i m e .  I n  
o r d e r  t o  d e t e r m i n e  i t s  p u r i t y ,  t h e  r e f r a c t i v e  i n d e x  o f  t h e  s t o c k  
g l y c e r o l  was m e a s u r e d  u s i n g  a n  Abbe r e f r a c t o m e t e r  ( H i l g e r  an d  W a t t s ,  
L o n d o n ) .  R e f e r e n c e  t o  a  t a b l e  o f  r e f r a c t i v e  i n d i c e s  o f  g l y c e r o l / w a t e r  
s o l u t i o n s  (Newman, 1 968)  showed t h a t  t h e  s t o c k  s o l u t i o n  was i n  f a c t
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98% g l y c e r o l  by w e i g h t ,  l e a d i n g  t o  an  e x c e s s  o f  o n l y  0 . 0 2  i n  an y  
g l y c e r o l : p y r u v a t e  v a l u e .  The e x c e s s  a c t u a l l y  o b s e r v e d  was 
a p p r o x i m a t e l y  0 . 1  a n d  t h e  s l i g h t  i m p u r i t y  o f  t h e  s t o c k  g l y c e r o l  c o u l d  
n o t  a c c o u n t  f o r  t h i s .
I t  a p p e a r s  t h e n  t h a t  t h e r e  may e x i s t  some a l t e r n a t i v e  p a t h w a y ,  a s  
y e t  unknown,  w h i c h  i s  r e s p o n s i b l e  f o r  t h e  p r o d u c t i o n  o f  a s m a l l  b u t  
s i g n i f i c a n t  q u a n t i t y  o f  g l y c e r o l  a n d  w h i c h  o p e r a t e s  a t  a l l  o x y g e n  
t e n s i o n s .
As s t a t e d  i n  S e c t i o n  3 . 2 . 2 ,  t h e  v a l u e  o f  'K '  o b t a i n e d  f rom t h e
m o d e l  u s e d  was 3 . 6  + 0.8mmHg, c o r r e s p o n d i n g  t o  an  ox y g e n  c o n c e n t r a t i o n
o f  5.0jiM. The K f o r  ox y g en  o f  t r y p a n o s o m a l  a - g l y c e r o p h o s p h a t e
o x i d a s e  i n  i n t a c t  c e l l s  h a s  b e e n  e s t i m a t e d  a t  b e t w e e n  2 a n d  8^M ( H i l l ,
1 9 7 6 a ,  1 9 7 6 b ) .  A l t h o u g h  t h e r e  a r e  d i f f i c u l t i e s  i n  t h e  i n t e r p r e t a t i o n
o f  K v a l u e s  o f  i n t a c t  c e l l s  ( F i s h e r ,  1 9 6 4 ) ,  t h e  two v a l u e s  a r e  i n  m
s u f f i c i e n t l y  good a g r e e m e n t  f o r  t h e  p r o p o s a l  o f  i a - g l y c e r o p h o s p h a t e  
o x i d a s e  a s  t h e  k ey  enzyme i n  t h e  a e r o b i c / a n a e r o b i c  t r a n s i t i o n  o f  
g l u c o s e  m e t a b o l i s m  i n  T.  b r u c e i .
The s e c o n d  i m p o r t a n t  p o i n t  a r i s i n g  from t h e  i n v e s t i g a t i o n  o f  t h e  
a e r o b i c / a n a e r o b i c  t r a n s i t i o n  o f  g l u c o s e  m e t a b o l i s m  i n  T.  b r u c e i  i s  
a p p a r e n t  f rom F i g u r e  15.  The o x y g e n  t e n s i o n  o f  human b l o o d  i s  
w i d e l y - q u o t e d  a s  40mmHg f o r  v e n o u s  b l o o d  an d  lOOmraHg f o r  a r t e r i a l  
b l o o d  ( C a n t a r o w  an d  T r u m p e r ,  1962 ;  G r e e n ,  197 8)  a n d  i t  c a n  be  s e e n  
t h a t  b e t w e e n  t h e s e  two v a l u e s  t h e  a n a e r o b i c  p a t h w a y  i s  i n o p e r a t i v e ,  
t h e  g l y c e r o l : p y r u v a t e  r a t i o  r e m a i n i n g  c o n s t a n t  a t  a p p r o x i m a t e l y  0 . 1 . 
W h i l e  t h e  i m p l i c a t i o n  o f  t h i s  i s  t h a t  t h e  a n a e r o b i c  p a th w ay  h a s  l i t t l e  
o r  no p h y s i o l o g i c a l  s i g n i f i c a n c e  i n  t h e  b l o o d s t r e a m  o f  t h e  mam mal ian  
h o s t ,  i t  i s  p o s s i b l e  t h a t  ox y g en  c o n c e n t r a t i o n s  l o w e r  t h a n  t h o s e
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q u o t e d  ab o v e  do i n  f a c t  e x i s t .  F o r  e x a m p l e ,  von B rand  ( 1 9 6 6 )  s t a t e s  
t h a t  ' t h e  m e r e  p r e s e n c e  o f  p a r a s i t e s  may m a t e r i a l l y  i n f l u e n c e  t h e  
l o c a l  ox y g e n  t e n s i o n  s i n c e  i t  h a s  b e e n  e s t a b l i s h e d  t h a t  i n f l a m m a t o r y  
p r o c e s s e s  l o w e r  t h e  o x y g en  t e n s i o n 1. A l s o  o f  c o u r s e ,  i n  t h e  l a t e r  
s t a g e s  o f  i n f e c t i o n ,  when t h e r e  i s  CNS i n v o l v e m e n t ,  t r y p a n o s o m e s  
i n v a d e  t h e  c e r e b r o s p i n a l  f l u i d  w h e r e  o x y g e n  c o n c e n t r a t i o n s  may be  
c o n s i d e r a b l y  l o w e r  t h a n  t h o s e  o f  t h e  b l o o d s t r e a m  o f  a  n o r m a l ,  h e a l t h y  
p e r s o n .
6 . 2 :  The p u r i f i c a t i o n  o f  t r y p a n o s o m a l  a-GPDH
I t  c o u l d  r e a s o n a b l y  be  a r g u e d  t h a t  a s t u d y  o f  t h e  k i n e t i c  
p r o p e r t i e s  o f  an  enzyme w o u l d  b e s t  be  c a r r i e d  o u t  on a c r u d e  c e l l  
p r e p a r a t i o n ,  t h i s  b e i n g  a  m ore  r e a l i s t i c  r e p r e s e n t a t i o n  o f  t h e  i n  v i v o  
b e h a v i o u r  o f  an  enzyme t h a n  i s  a  p u r i f i e d  p r e p a r a t i o n .  T h a t  t h e  
r e s u l t s  o b t a i n e d  may d i f f e r  h a s  b e e n  d e m o n s t r a t e d  by C r o n i n  a n d  T i p t o n  
( 1 9 8 5 )  when c o m p a r i n g  t h e i r  w o rk  on p u r i f i e d  p h o s p h o f r u c t o k i n a s e  f rom 
T.  b r u c e i  w i t h  t h a t  o f  Nwagwu a n d  O p p e r d o e s  ( 1 9 8 2 )  who u s e d  a c r u d e  
c e l l  e x t r a c t .  S i m i l a r l y  t h e  k i n e t i c  v a l u e s  r e p o r t e d  h e r e  an d  o b t a i n e d  
f rom e x p e r i m e n t s  on a p u r i f i e d  e x t r a c t  o f  a-GPDH from T. b r u c e i  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  f rom t h o s e  o b t a i n e d  by R e y n o l d s  ( 1 9 7 5 )  who 
u s e d  a  c r u d e  c e l l - l y s a t e .  As t o  t h e  r e l a t i v e  m e r i t s  o f  t h e  two 
s o u r c e s  o f  t h e  enzyme,  M i s s e t  an d  O p p e r d o e s  ( 1 9 8 4 )  s t a t e d  t h a t  
' d e t a i l e d  d i f f e r e n c e s  i n  t h e  p h y s i c a l ,  c h e m i c a l  a n d  s t r u c t u r a l  
p r o p e r t i e s  o f  t h e  p a r a s i t e  an d  h o s t  g l y c o l y t i c  enzymes  a r e  an  
e s s e n t i a l  p r e r e q u i s i t e  f o r  t h e  s u c c e s s f u l  d e v e l o p m e n t  o f  
a n t i - g l y c o l y t i c  compounds .  Such d i f f e r e n c e s  ca n  o n l y  be i d e n t i f i e d  by
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u s i n g  p u r i f i e d  e n z y m e s ' .  As t h e  u l t i m a t e  a im o f  m o s t  work  c a r r i e d  o u t  
i n  t h i s  f i e l d  i s  t h e  i d e n t i f i c a t i o n  an d  d e v e l o p m e n t  o f  some 
t r y p a n o c i d a l  d r u g ,  i t  was d e c i d e d  t h a t  t h e  e x p e r i m e n t s  d e s c r i b e d  h e r e  
s h o u l d  be c a r r i e d  o u t  on p u r i f i e d  a-GPDH. The enzyme f rom T. b r u c e i  
h a d  n o t  p r e v i o u s l y  b e e n  p u r i f i e d  a n d  i t  was t h e r e f o r e  n e c e s s a r y  t o  
d e v i s e  a m e t h o d  f o r  d o i n g  s o .
W h i l e  O p p e r d o e s  ( 1 9 8 5 )  may c o n s i d e r  t h a t  T.  b r u c e i  h a s  a l m o s t  
become t h e  E s c h e r i c h i a  c o l i  o f  b i o c h e m i c a l  p a r a s i t o l o g y  i n  b e i n g  u s e d  
a s  a 'm o d e l  o r g a n i s m ' ,  i t  i n  no way r e p r e s e n t s  E.  c o l i  i n  t h e  e a s e  o f  
o b t a i n i n g  c e l l u l a r  m a t e r i a l  q u i c k l y  a n d  i n  l a r g e  q u a n t i t i e s .  A t t e m p t s  
h a v e  b e e n  made t o  d i s c o v e r  a s y s t e m  w h e r e b y  T. b r u c e i  may be  grown i n  
t i s s u e  c u l t u r e  ( H i r u m i  e t  a L , 1 980 ;  Brun  e t  a l . , 1 9 8 4 ) .  E f f o r t s  on 
t h i s  theme c o n t i n u e  b u t  u n t i l  a s a t i s f a c t o r y  m e t h o d  i s  p e r f e c t e d ,  
y i e l d i n g  h i g h  c e l l  n um bers  a n d  d e n s i t i e s ,  t h e  u s e  o f  l a b o r a t o r y  
a n i m a l s  f o r  t h e  g r o w t h  o f  t r y p a n o s o m e s  m u s t  c o n t i n u e  i n  t h e  f a c e  o f  
i n c r e a s i n g  p u b l i c  o p p o s i t i o n  a n d  w i t h  t h e  a s s o c i a t e d  i n a d e q u a t e  c e l l  
y i e l d .
The a t t e m p t  t o  p u r i f y  a-GPDH from T.  b r u c e i  b e g a n  w i t h  t h e  
i s o l a t i o n  o f  a  g l y c o s o m a l  f r a c t i o n ,  i t  b e i n g  w i d e l y - a c c e p t e d  a s  
p r i m a r i l y  a g l y c o s o m a l  enzyme ( f o r  e x a m p l e ,  O p p e r d o e s  e t  a l .  ( 1 9 7 7 )  a n d  
M i s s e t  e t  a l . ( 1 9 8 6 ) ) ,  a l t h o u g h  f o u n d  m a i n l y  i n  t h e  c y t o p l a s m  o f  
mammalian  c e l l s  ( B a r a n o w s k i ,  1 9 6 3 ) .  F o l l o w i n g  t h e  d e v e l o p m e n t  o f  an  
o p t i m a l  m e th o d  f o r  t h e  p r e p a r a t i o n  o f  a g l y c o s o m a l  f r a c t i o n ,  v a r i o u s  
t e c h n i q u e s  r o u t i n e l y  u s e d  i n  t h e  p u r i f i c a t i o n  o f  enzymes w e r e  
a t t e m p t e d ,  b u t  m o s t  e n d e d  i n  f a i l u r e .
Gel  f i l t r a t i o n ,  a q u i c k  an d  s i m p l e  m e th o d  commonly u s e d  i n  t h e  
p u r i f i c a t i o n  o f  p r o t e i n  m i x t u r e s ,  was a n t i c i p a t e d  t o  be a u s e f u l  s t e p
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e a r l y  i n  t h e  p r o c e d u r e .  The m o l e c u l a r  w e i g h t  o f  e a c h  s u b u n i t  o f  
t r y p a n o s o m a l  a-GPDH h a s  b e e n  d e t e r m i n e d  a s  l y i n g  b e t w e e n  3 7 , 0 0 0  ( H a r t  
e t  a l . , 1 9 8 4 )  a n d  3 8 , 9 0 0  (Aman e t  a L , 1 9 8 5 ) ,  a l l  w o r k e r s  a g r e e i n g  t h a t  
t h e  enzyme i s  d i m e r i c ,  y i e l d i n g  m o l e c u l a r  w e i g h t  v a l u e s  o f  b e t w e e n  
7 4 , 0 0 0  a n d  7 7 , 8 0 0 .  Armed w i t h  t h i s  k n o w l e d g e ,  g e l s  w i t h  a s u i t a b l e  
p o r e - s i z e  w e r e  s e l e c t e d  a n d  s e v e r a l  d i f f e r e n t  co lum ns  r u n  u n d e r  
v a r i o u s  c o n d i t i o n s  ( s e e  S e c t i o n  4 . 7 ) .  V e ry  l i t t l e  a-GPDH a c t i v i t y  was 
r e c o v e r e d  f rom t h e  c o lu m n s  a n d  i t  was c a l c u l a t e d  t h a t  a p p r o x i m a t e l y  8 % 
o f  t h e  a p p l i e d  p r o t e i n  was n o t  e l u t e d  f rom t h e  co lum n.  S i n c e  t h e s e  
a t t e m p t s ,  M i s s e t  e t  a l .  ( 1 9 8 6 )  h a v e  r e p o r t e d  s i m i l a r  f i n d i n g s ,  
c o n c l u d i n g  t h a t  a-GPDH ( a n d  a l s o  6 - p h o s p h o f r u c t o k i n a s e )  was r e t a i n e d  
on t h e  co lum n  b e c a u s e  o f  e l e c t r o s t a t i c  i n t e r a c t i o n  w i t h  t h e  m a t r i x .  
F u r t h e r m o r e ,  t h e y  h a v e  d i s c o v e r e d  t h a t  t h e  t r y p a n o s o m a l  g l y c o l y t i c  
enzymes  a r e  a l l  b a s i c  p r o t e i n s ,  a-GPDH h a v i n g  a  p i  v a l u e  o f  
a p p r o x i m a t e l y  1 0 . 0 .  A p p r o x i m a t e  v a l u e s  f o r  p i  o f  a-GPDH from o t h e r  
s o u r c e s  i n c l u d e  6 . 4  f o r  t h e  r a b b i t - m u s c l e  enzyme ( M i s s e t  e t a l ,  1 986)  
an d  5 . 3  f o r  a-GPDH o b t a i n e d  f rom D r o s o p h i l a  m e l a n o g a s t e r  (B ew le y  
e t  a l . , 1 9 8 4 ) .  The a b o v e  v a l u e s  i n d i c a t e  t h a t  a t  n e u t r a l  pH a-GPDH 
from T.  b r u c e i  ( a n d  s i m i l a r l y  t h e  o t h e r  g l y c o s o m a l  e n z y m e s )  c a r r i e s  a  
n e t  p o s i t i v e  c h a r g e  w h i l e  t h a t  f rom o t h e r  s p e c i e s  h a s  a n e t  n e g a t i v e  
c h a r g e .  M i s s e t  e t  a l .  ( 1 9 8 6 )  s u g g e s t  t h a t  t h e  p o s i t i v e  c h a r g e s  o f  t h e  
t r y p a n o s o m a l  p r o t e i n s  may p l a y  an  i m p o r t a n t  r o l e  i n  t h e  e n t r y  o f  t h e  
enzymes i n t o  t h e  g l y c o s o m e .  Such  a m a r k e d  d i f f e r e n c e  i n  a p h y s i c a l  
p r o p e r t y  o f  t h e  enzymes  f rom t h e  t r y p a n o s o m e  an d  f rom p o t e n t i a l  h o s t s  
may be  a s t a r t i n g - p o i n t  f o r  t h e  d e v e l o p m e n t  o f  new,  s p e c i f i c  
a n t i - t r y p a n o s o m a l  d r u g s .
153
M i s s e t  and  O p p e r d o e s  ( 1 9 8 4 )  r e p o r t e d  d i f f i c u l t i e s  w i t h  
' s a l t i n g - o u t '  o f  g l y c o s o m a l  enzymes f rom T.  b r u c e i  u s i n g  ammonium 
s u l p h a t e  n o r  h ad  t h e y  an y  s u c c e s s  w i t h  a f f i n i t y  c h r o m a t o g r a p h y  u s i n g  
i m m o b i l i s e d  NAD+ , b e i n g  c o m p l e t e l y  u n a b l e  t o  e l u t e  any o f  t h e  enz ymes  
by an y  m e th o d  t h e y  a t t e m p t e d .  A f f i n i t y  c h r o m a t o g r a p h y  m e t h o d s  a n d  
ammonium s u l p h a t e  p r e c i p i t a t i o n  w e r e  a t t e m p t e d  d u r i n g  t h i s  work  
( S e c t i o n s  4 . 4  a n d  4 . 9  r e s p e c t i v e l y )  a n d  w e re  s i m i l a r l y  u n s u c c e s s f u l .
As d e t a i l e d  i n  S e c t i o n  4 . 8 ,  e f f o r t s  t o  p u r i f y  a-GPDH by i o n - e x c h a n g e  
c h r o m a t o g r a p h y  a l s o  m e t  w i t h  l i t t l e  s u c c e s s ,  i n c o m p l e t e  a d s o r p t i o n  
o c c u r r i n g  w i t h  b o t h  a n i o n -  a n d  c a t i o n - e x c h a n g e r s . T h e s e  o b s e r v a t i o n s  
c o u l d  be  an  e f f e c t  o f  t h e  u n u s u a l l y  h i g h  p i  o f  t r y p a n o s o m a l  ot-GPDH 
c o m b in e d  w i t h  t h e  c o n d i t i o n s  u s e d ,  a l t h o u g h  t h e r e  i s  a  p o s s i b i l i t y  
t h a t  m ore  t h a n  one form o f  t h e  enzyme may e x i s t ,  a s  r e p o r t e d  by 
M c L a u g h l i n  a n d  M a c Q u a r r i e  ( 1 9 7 8 )  f o r  t h e  enzyme f rom v a r i o u s  s p e c i e s  
i n c l u d i n g  c h i c k e n s ,  humans  a n d  r a t s .
The f a i l u r e  o f  n o n - d e n a t u r i n g  PAGE e l e c t r o p h o r e s i s  a s  a 
s e p a r a t i o n  m e th o d  ( S e c t i o n  4 . 1 1 . 6 )  h a s  a l s o  b e e n  e x p e r i e n c e d  by C r o n i n  
a n d  T i p t o n  ( 1 9 8 5 )  w i t h  r e s p e c t  t o  t r y p a n o s o m a l  p h o s p h o f r u c o k i n a s e .  
S t a i n i n g  m e t h o d s  d e v i s e d  f o r  u s e  d u r i n g  t h i s  t e c h n i q u e  ( S e c t i o n  
4 . 1 1 . 5 )  t e n t a t i v e l y  i d e n t i f i e d  t h e  p r e s e n c e  o f  a  m u l t i - e n z y m e  c o m p lex  
t o o  l a r g e  t o  p e n e t r a t e  t h e  g e l .  A l t h o u g h  t h e  e x i s t e n c e  o f  s u c h  a 
co m p lex  w i t h i n  t h e  g l y c o s o m e  o f  T.  b r u c e i  h a s  b e e n  i n v e s t i g a t e d  ( O d u r o  
e t  a L , 1 9 8 0 a , b ;  Aman e t  a l . , 1 985)  i t s  p r e s e n c e  i n  v i v o  r e m a i n s  i n  
q u e s t i o n  ( M i s s e t  e t  a l . , 1 9 8 6 ) .
The p u r i f i c a t i o n  scheme e v e n t u a l l y  u s e d  g a v e  a low y i e l d  a l t h o u g h  
t h e  q u a n t i t y ,  a c t i v i t y  a n d  s t a b i l i t y  o f  t h e  p u r e  enzyme was m o re  t h a n  
a d e q u a t e  f o r  k i n e t i c  s t u d i e s  t o  be  c a r r i e d  o u t .  The d i f f i c u l t i e s
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e n c o u n t e r e d  d u r i n g  t h e  d e v e l o p m e n t  o f  a p u r i f i c a t i o n  scheme f o r  
t r y p a n o s o m a l  a-GPDH w e r e  u n e x p e c t e d  a n d  seem t o  b e a r  o u t  t h e  o p i n i o n  
o f  M i s s e t  an d  O p p e r d o e s  ( 1 9 8 4 )  who,  f a c e d  w i t h  s i m i l a r l y  f r u s t r a t i n g  
r e s u l t s ,  c o n c l u d e d  t h a t  t h e y  t y p i f i e d  ' t h e  b i z a r r e  p r o p e r t i e s  o f  t h e  
t r y p a n o s o m a l  en z y m e s ,  f o r  w h i c h  a s  y e t  no  e x p l a n a t i o n  ca n  be  g i v e n ' .  
W i t h  h i n d s i g h t ,  a  m o re  t h o r o u g h  i n v e s t i g a t i o n  o f  t h e  p h y s i c a l ,  
c h e m i c a l  an d  s t r u c t u r a l  p r o p e r t i e s  o f  t r y p a n o s o m a l  a-GPDH p r i o r  t o  t h e  
commencement o f  p u r i f i c a t i o n  w o u l d  h a v e  b e e n  o f  c o n s i d e r a b l e  
a s s i s t a n c e  i n  t h e  c h o i c e  o f  s e p a r a t i o n  t e c h n i q u e s .
6 . 3 :  The k i n e t i c  b e h a v i o u r  o f  t r y p a n o s o m a l ,a-GPDH
The k i n e t i c  s t u d i e s  p r e s e n t e d  h e r e  w e r e  r e s t r i c t e d  t h r o u g h o u t  by 
t h e  p r a c t i c a l  i m p o s s i b i l i t y  o f  a s s a y i n g ;a-GPDH i n  t h e  p r e s e n c e  o f  
s a t u r a t i n g  c o n c e n t r a t i o n s  o f  NADH, t h e  s p e c t r o p h o t o m e t r i c  s y s t e m  u s e d  
b e i n g  u n a b l e  t o  r e c o r d  s u c h  p o t e n t i a l l y  h i g h  a b s o r b a n c e  v a l u e s .  The 
w i d e l y - a v a i l a b l e  t a b l e s  f o r  t h e  d e d u c t i o n  o f  enzyme mechan i sm  
g e n e r a l l y  r e q u i r e  t h e  t y p e  o f  i n h i b i t i o n  s e e n  i n  t h e  p r e s e n c e  o f  
s a t u r a t i n g  s u b s t r a t e  c o n c e n t r a t i o n s  t o  be known (W h a r to n  an d  
E i s e n t h a l ,  1981 f o r  e x a m p l e ) ,  a n d  c o n s e q u e n t l y  s u c h  t a b l e s  c o u l d  n o t  
be  u s e d  t o  t h e i r  f u l l e s t  e x t e n t .  H ow ever ,  a s  d e s c r i b e d  i n  S e c t i o n  
5 . 2 . 2 ,  t h e  a c t i o n  o f  t r y p a n o s o m a l  a-GPDH seems t o  be  by means  o f  a 
c o m p u l s o r y - o r d e r  m ec h a n i s m  w i t h  NADH b i n d i n g  t o  t h e  enzyme f i r s t  a n d  
NAD+ b e i n g  r e l e a s e d  f rom t h e  enzyme l a s t .  A l t h o u g h  t h e  p u b l i s h e d  
d i a g n o s t i c  t a b l e s  c o u l d  n o t  be  u s e d  t o  t h e i r  f u l l  a d v a n t a g e ,  i t  seems 
t h a t  t h e  c o m p u l s o r y - o r d e r  m ech a n i s m  i s  t h e  m o s t  l i k e l y ,  s i n c e  ' i t  
a p p e a r s  t h a t  t h e  c o m p u l s o r y  b i n d i n g  o r d e r  m ech a n i sm  may be a r a t h e r
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g e n e r a l  one  f o r  enzymes  r e a c t i n g  w i t h  d i p h o s p h o p y r i d i n e  n u c l e o t i d e s '  
( R a v a l  an d  W o l f e ,  1 9 6 2 ) .
I n  o r d e r  t o  d e t e r m i n e  w h e t h e r  a-GPDH w o u ld  be  o p e r a t i v e  u n d e r  
c o n d i t i o n s  o f  a n a e r o b i c  r e s p i r a t i o n ,  i t  was f i r s t  n e c e s s a r y  t o  
a s c e r t a i n  i n t r a c e l l u l a r  l e v e l s  o f  t h e  r e l e v a n t  m e t a b o l i t e s  u n d e r  b o t h  
a e r o b i c  an d  a n a e r o b i c  c o n d i t i o n s .  The c a l c u l a t i o n  o f  t h e s e  
c o n c e n t r a t i o n s  was c o m p l i c a t e d  by d i f f e r i n g  o p i n i o n s  a s  t o  t h e  p r e c i s e  
l o c a t i o n  o f  t h e  m e t a b o l i t e s .  O p p e r d o e s  an d  B o r s t  ( 1 9 7 7 )  p r o p o s e d  t h a t  
t h e  g l y c o s o m a l  membrane i s  i m p e r m e a b l e  t o  g l y c o l y t i c  i n t e r m e d i a t e s  
w h i l e  V i s s e r  e t  a l .  ( 1 9 8 1 )  s t a t e d  t h a t  b e t w e e n  20 an d  30% o f  t o t a l  
c e l l u l a r  m e t a b o l i t e s  a r e  c o n t a i n e d  w i t h i n  t h e  g ly c o s o m e  a n d  t h i s  v a l u e  
h a s  b e e n  w i d e l y - a c c e p t e d  ( M i s s e t  an d  O p p e r d o e s ,  1984;  Aman e t  a l . , 
1 9 8 5 ) .  R e c e n t l y  h o w e v e r ,  P a t t h e y  a n d  D e s h u s s e s  ( 1 9 8 7 )  h a v e  s u g g e s t e d  
t h a t  t h e  g l y c o s o m a l  membrane i s  f r e e l y  p e r m e a b l e  t o  s m a l l  m o l e c u l e s ,  
t h e  s i z e  o f  m e t a b o l i t e s ,  b u t  i m p e r m e a b l e  t o  l a r g e r  m o l e c u l e s .  
C o n s e q u e n t l y  t h e  c o n c e n t r a t i o n s  o f  NAD+ , NADH, a - G P  a n d  DHAP u n d e r  
a e r o b i c  an d  a n a e r o b i c  c o n d i t i o n s  w e r e  c a l c u l a t e d  a s  shown i n  F i g u r e s  
4 9 ,  50 a n d  51 an d  t h e  r e s u l t s  shown i n  T a b l e  24 b e l o w .
As s t a t e d  i n  S e c t i o n  5 . 2 . 2 ,  t h e  r a t e  e q u a t i o n  f o r  a-GPDH i n  t h e  
a b s e n c e  o f  i n h i b i t o r s  i s :
v = v
max
K + K . + K .ma mb ab
(A) (B) (A ) (B )
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S u b s t i t u t i n g  w i t h  v a l u e s  p r e v i o u s l y  o b t a i n e d  ( F i g u r e  30 an d  T a b l e  24 )  
t h e  t h e o r e t i c a l  maximum v e l o c i t y  o f  t h e  enzyme a e r o b i c a l l y  a n d  i n  t h e
Q
a b s e n c e  o f  i n h i b i t o r s  i s  c a l c u l a t e d  a s  0 . 0 1 0 6 m m o l / m i n u t e / l  x 1 0  c e l l s
i n  t h e  s i t u a t i o n  w h e r e  25% o f  g l y c o l y t i c  i n t e r m e d i a t e s  a r e  c o n t a i n e d
i n  t h e  g l y c o s o m e .  The same c a l c u l a t i o n ,  w i t h  v a l u e s  f o r  t h e
c o n c e n t r a t i o n s  o f  m e t a b o l i t e s  i f  c o n f i n e d  s o l e l y  t o  t h e  g ly c o s o m e  a n d
f r e e l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  c e l l  y i e l d  t h e o r e t i c a l  maximum
8v e l o c i t i e s  o f  0 . 0 2 3 2  a n d  0 . 0 0 2 2 m m o l / m i n u t e / l  x 10 c e l l s  r e s p e c t i v e l y .  
I n  t h e  p r e s e n c e  o f  i n h i b i t o r s  t h e  r a t e  e q u a t i o n  c a n  be  e x p a n d e d
t o :
v  = max
f  “1 1 r
1 + K ma 1 + (NAD+ ) 1 + (oi-GP) + Kn,b 1 + (<*-GP)
(NADH) K.L 12 J
_______
t





As a v a l u e  f o r  Vmax c o u l d  n o t  a c c u r a t e l y  be  e s t i m a t e d  i n  t h e  p r e s e n c e  




1 + K 
ma
1 + (NAD+ ) 1 + ( a - G P ) + K Kmb
f* *
1 + ( a -G P )
(NADH] K-oi 2
J
K. /i 4 J
(DHAP) K . 0i 3
+ Kab
(NADH)(DHAP)
T h e n ,  s u b s t i t u t i n g  t h e  v a l u e s  a b o v e  w i t h  t h o s e  o b t a i n e d  f o r  t h e
a e r o b i c  c o n d i t i o n  when 25% o f  m e t a b o l i t e s  a r e  c o n t a i n e d  w i t h i n  t h e
g l y c o s o m e  ( T a b l e  2 4 ) ,  t h e  c a l c u l a t i o n  y i e l d s  a  v /V v a l u e  o f  0 . 2 3 3 .max
S u b s t i t u t i n g  s i m i l a r l y  f o r  t h e  a n a e r o b i c  c o n d i t i o n  an d  a l s o  f o r  t h e  
s i t u a t i o n s  when t h e  g l y c o l y t i c  i n t e r m e d i a t e s  a r e  c o n f i n e d  t o  t h e  
g l y c o s o m e  an d  when t h e  membrane i s  f r e e l y  p e r m e a b l e ,  t h e  v a l u e s  shown 
i n  F i g u r e  25 a r e  o b t a i n e d .
T h e s e  v a l u e s  a r e  i n  f a c t  l i k e l y  t o  be o v e r - e s t i m a t e d  a s  no 
a c c o u n t  h a s  b ee n  t a k e n  o f  t h e  r e v e r s e  r e a c t i o n  w h i c h  m u s t  o c c u r  t o  
some e x t e n t  i n  t h e  p r e s e n c e  o f  a - G P  an d  NAD+ . The e s t i m a t e d  
v e l o c i t i e s  a t  w h i c h  t r y p a n o s o m a l  a-GPDH c a n  o p e r a t e  i n  v i v o  may be 
c a l c u l a t e d ,  s i n c e  t h e  t h e o r e t i c a l  maximum v e l o c i t y  a t  w h ic h  t h e  enzyme 
ca n  o p e r a t e  u n d e r  a e r o b i c  and a n a e r o b i c  c o n d i t i o n s  i s  known ( s e e  
a b o v e ) .  The v a l u e s  o b t a i n e d  a r e  a s  shown i n  T a b l e  26 .
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T a b l e  24: The c o n c e n t r a t i o n s  o f  some t r y p a n o s o m a l  g l y c o l y t i c
i n t e r m e d i a t e s  u n d e r  a e r o b i c  and a n a e r o b i c  c o n d i t i o n s
M e t a b o l i t e A e r o b i c
(mM)
A n a e r o b i c
(mM)
NAD+ : A 0 . 1 5 8 0 . 0 4 4
B 0 . 9 2 0 0 . 2 5 5
C 3 .6 9 0 1 .0 2 0
NADH: A 0 . 0 7 0 0 . 1 8 4
B 0 . 4 0 5 1 .0 7 0
C 1 .6 2 0 4 . 2 9 0
DHAP: A 1 . 0 4 3 0 . 4 4 8
B 6 . 0 8 9 2 . 6 1 7
C 2 4 . 4 0 0 1 0 .480
*ot-GP: A 0 . 7 6 7 3 .1 0 2
B 4 . 4 8 0 18 .120
C 1 7 .900 7 2 .6 0 0
where  A r e p r e s e n t s  t h e  s i t u a t i o n  where  t h e  g l y c o s o m a l  membrane i s
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f r e e l y  p e r m e a b l e  t o  m e t a b o l i t e s ,  B t h e  s i t u a t i o n  where  25% o f  t h e  
t o t a l  c e l l u l a r  m e t a b o l i t e s  a r e  l o c a t e d  w i t h i n  t h e  g ly co som e and C 
whe re  m e t a b o l i t e s  a r e  c o m p l e t e l y  c o n f i n e d  w i t h i n  t h e  g ly co s o m e .
T a b l e  25: The p r o p o r t i o n  o f  t h e  maximum u n i n h i b i t e d  v e l o c i t y  o f
t r y p a n o s o m a l  o-GPDH a t  w h ich  t h e  enzyme may o p e r a t e  i n  t h e  
p r e s e n c e  o f  p r o d u c t s  a s  i n h i b i t o r s
G l y c o l y t i c
i n t e r m e d i a t e s
A e r o b i c a l l y  A n a e r o b i c a l l y
v/Vmax
c o n f i n e d  t o 0 . 3 9 0 0 . 0 9 9
gl ycosom e
25% in 0 . 2 2 3 0 .0 7 1
g lycosome
f r e e l y 0 . 0 5 6 0 . 0 2 4
d i s t r i b u t e d
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T a b l e  26:  The e s t i m a t e d  v e l o c i t i e s  a t  w h ich  t r y p a n o s o m a l  a-GPDH may 
o p e r a t e  i n  v i v o
G l y c o l y t i c
i n t e r m e d i a t e s
A e r o b i c a l l y  A n a e r o b i c a l l y
g
^ u n o l / m i n u t e / l x l O  c e l l s
c o n f i n e d  t o 9 . 0 4 8 2 .2 9 7
glycosom e
25% in 2 . 3 6 4 0 . 7 5 3
g lycosome
f r e e l y 0 . 1 2 3 0 . 0 5 3
p e r m e a b l e
As p r e v i o u s l y  s t a t e d  ( S e c t i o n  1 . 8 ) ,  t h e  r a t e  o f  g l y c o l y s i s  i n
Trypano som a b r u c e i  l i e s  b e tw e en  0 . 0 4 1  and 0 .082pm ol  g l u c o s e
8c o n s u m e d / m i n u t e / 1  x 10 c e l l s  w i t h  a r e s u l t a n t  NADH f l u x  o f
g
0 . 0 8 2 - 0 .  164Mm° l / tni n u t e / l  x 10 c e l l s  u n d e r  a e r o b i c  c o n d i t i o n s  and
80 . 0 4 1 - 0 . 0 8 2 p m o l / m i n u t e / l  x 10 c e l l s  a n a e r o b i c a l l y .  From t h e  v a l u e s  
shown in  T a b l e  26,  i t  i s  a p p a r e n t  t h a t  t h e  enzyme i s  w e l l  a b l e  t o  
o p e r a t e  u n d e r  t h e s e  c o n d i t i o n s .
The v a l u e s  o b t a i n e d  f o r  t h e  k i n e t i c  c o n s t a n t s  o f  t r y p a n o s o m a l  
a-GPDH in  t h e  a b s e n c e  o f  i n h i b i t o r s  ( S e c t i o n  5 . 2 . 1 )  a r e  compared w i t h
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t h o s e  o f  t h e  enzyme from o t h e r  s p e c i e s  i n  T a b l e  27 be low .  The v a l u e s  
f o r  c h i c k e n  l i v e r  a-GPDH w ere  o b t a i n e d  from Walsh and S a l l a c h  (1 9 6 5 )  
and f o r  r a b b i t  m u s c l e  from Barman ( 1 9 6 9 ) .
T a b l e  27: C o m p ar i so n  o f  t h e  k i n e t i c  p a r a m e t e r s  f o r  a-GPDH from 
T. b r u c e i  w i t h  t h o s e  from o t h e r  s o u r c e s
S o u r c e S u b s t r a t e Km
(M)
C o n d i t i o n s
Trypanosoma NADH 1 .2 5  x 10"4 pH 7 . 4 ,
b r u c e i 3 7 .0 °C ,
DHAP 1 .3 6  x 1 0 " 2 p h o s p h a t e
b u f f e r
R a b b i t NADH - pH 7 . 0 ,
m u s c l e 2 3 . 3°C,
DHAP 4 . 6 0  x 10"4 p h o s p h a t e
b u f f e r
C h ic k e n NADH 5 . 0 0  x 10“ 6 pH 8 . 0 ,
l i v e r 25 °C,
DHAP 1 . 0 0  x 10“ 5 t r  i s  
b u f f e r
162
I t  i s  apparent that the values for T. brucei are
c o n s i d e r a b l y  l a r g e r  t h a n  t h o s e  f o r  mammalian  c e l l s .  The c y t o s o l i c
c o n c e n t r a t i o n  o f  DHAP i n  r a t  h e a r t  m u s c l e  i s  2 7 . 5j-M ( R e y n o l d s  e t a l ,
1 9 7 1 )  an d  t h e  r a t i o  o f  «-GP:DHAP i n  t h e  same t i s s u e  i s  a p p r o x i m a t e l y
2 . A ( G a r l a n d  e t  a L , 1 9 6 4 ) ,  t h u s  t h e  c o n c e n t r a t i o n  o f  <*-GP may be
c a l c u l a t e d  a s  6 6 /<M. When t h e s e  v a l u e s  a r e  co m p ar ed  w i t h  t h o s e
c a l c u l a t e d  f o r  T.  b r u c e i  i n  T a b l e  2 4 ,  i t  can  be  s e e n  t h a t  t h e
i n t r a c e l l u l a r  c o n c e n t r a t i o n s  o f  a - G P  an d  DHAP a r e  many t i m e s  g r e a t e r
i n  T.  b r u c e i  t h a n  i n  t h e  mam mal ian  t i s s u e  an d  t h e  v a l u e s  f o r  K may-----------------  m
r e f l e c t  t h i s .
6 . 4 :  F u t u r e  w o rk  a n d  g e n e r a l  c o n c l u s i o n s
As y e t  no  m e t h o d  e x i s t s  f o r  t h e  i s o l a t i o n  o f  f u n c t i o n a l
g l y c o s o m e s .  The d e v e l o p m e n t  o f  s u c h  a  t e c h n i q u e  an d  c o n d i t i o n s  f o r  
t h e i r  i n c u b a t i o n  w o u l d  be b e n e f i c i a l  i n  t h e  e l u c i d a t i o n  o f  t h e  
g l y c o l y t i c  p a th w a y  o f  T.  b r u c e i . S i m i l a r l y  u s e f u l  a n d  i n t e r e s t i n g  
w o u l d  be  an  i n v e s t i g a t i o n  i n t o  p o s s i b l e  a l t e r n a t i v e  p a t h w a y s  f o r  t h e  
p r o d u c t i o n  o f  t h e  s m a l l  b u t  s i g n i f i c a n t  amount  o f  g l y c e r o l  
c o n s i s t e n t l y  s e e n  d u r i n g  e x p e r i m e n t a t i o n  on m e t a b o l i s i n g  c e l l s .
The i m p l i c a t i o n  t h a t  t h e  a n a e r o b i c  p a th w ay  o f  g l u c o s e  m e t a b o l i s m  
may n o t  be o p e r a t i v e  i n  v i v o  ( S e c t i o n  6 . 1 )  i s  b o t h  i n t e r e s t i n g  and 
u n e x p e c t e d  w h i l e  t h e  w ork  d i s c u s s e d  i n  S e c t i o n  6 . 3  seems t o  d i s p r o v e  
t h e  h y p o t h e s i s  t h a t  t h e  h i g h  l e v e l  o f  a -G P  f o u n d  i n  T.  b r u c e i  u n d e r  
a n a e r o b i c  c o n d i t i o n s  i n h i b i t s  t h e  a c t i o n  o f  a-GPDH w h i l e  e n h a n c i n g  
t h a t  o f  g l y c e r o l  k i n a s e  a s  i t  h a s  b e e n  shown h e r e  t h a t  t r y p a n o s o m a l  
a-GPDH i s  c a p a b l e  o f  o p e r a t i n g  a t  t h e  r e q u i r e d  r a t e  a n a e r o b i c a l l y .
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F a i r l a m b  ( 1 9 8 2 )  s t a t e d  t h a t  ' r a t i o n a l  d r u g  d e s i g n  i s  s t i l l  i n  i t s  
i n f a n c y ,  p a r t l y  b e c a u s e  f u n d a m e n t a l  k n o w le d g e  o f  many a r e a s  o f  t h e  
p a r a s i t e s '  m e t a b o l i s m  i s  s t i l l  l a c k i n g ' .  A l t h o u g h  t h e  w o rk  d e s c r i b e d  
h e r e  seems t o  h a v e  no i m m e d ia t e  b e n e f i t ,  t h e  c o n c l u s i o n s  drawn f rom  i t  
c o u l d  p r o v e  u s e f u l  t o  f u t u r e  w o r k e r s  i n  t h e  s e a r c h  f o r  s a f e  a n d  
e f f e c t i v e  t r y p a n o c i d a l  d r u g s .
F i g u r e  4 9 :  The c a l c u l a t i o n  o f  i n t r a g l y c o s o m a l  c o n c e n t r a t i o n s  o f  NAD+ 
an d  NADH
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1)  A l s h a r i f  e t  a l ,  ( 1 9 8 6 )  h a v e  e s t i m a t e d  t h a t  t h e  t o t a l  c e l l u l a r  
c o n c e n t r a t i o n  o f  NAD/NADH i s  1 3 . 2  ±  2 . 5 p m o l / l  x 10® c e l l s .
V i s s e r  an d  O p p e r d o e s  ( 1 9 8 0 )  h a v e  d e t e r m i n e d  t h a t  t h e  r a t i o  NADH:NAD+ 
i s  0 . 4 4  a e r o b i c a l l y  an d  4 . 2  a n a e r o b i c a l l y .
8The t o t a l  c e l l u l a r  c o n c e n t r a t i o n  i s  1 . 3 2 n m o l / l  x 10 c e l l s  an d  s o ,  
a s s u m i n g  t h a t  t h e  m e t a b o l i t e  i s  f r e e l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  
t r y p a n o s o m e  ( P a t t h e y  an d  D e s h u s s e s ,  1 9 8 7 ) ,  t h e  r e q u i r e d  c o n c e n t r a t i o n s  
w o u l d  be :
A e r o b i c a l l y  NAD+ = 0 . 9 1 7 n m o l / l  x 10® c e l l s
NADH = 0 . 4 0 3 n m o l / l  x 10® c e l l s
+ 8 A n a e r o b i c a l l y  NAD = 0 . 2 5 4 n m o l / l  x  10 c e l l s
NADH = 1 . 0 6 6 n m o l / l  x 10® c e l l s
O p p e r d o e s  e t  a l .  ( 1 9 8 4 )  h a v e  d e t e r m i n e d  t h e  vo lume o f  a  s i n g l e
3 . . .t r y p a n o s o m e  t o  be 58^m . I n c o r p o r a t i o n  o f  t h i s  v a l u e  i n t o  t h e  ab o v e
c a l c u l a t i o n s  y i e l d s  v a l u e s  a s  f o l l o w s :
A e r o b i c a l l y  NAD+ = 0.158mM 
NADH = 0.070mM
and  a n a e r o b i c a l l y  NAD+ = 0.044mM 
NADH = 0 . 184mM.
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2 )  I f  NADH an d  NAD+ w e r e  c o n f i n e d  t o  t h e  g ly c o s o m e  a s  s u g g e s t e d  by 
O p p e r d o e s  an d  B o r s t  ( 1 9 7 7 )  t h e n  t h e  c a l c u l a t i o n  w o u ld  be  a s  d e s c r i b e d  
b e lo w :
3
The vo lum e  o f  one  g l y c o s o m e  i s  0.0108Atm an d  t h e  a v e r a g e  t r y p a n o s o m e
c o n t a i n s  a p p r o x i m a t e l y  230 g l y c o s o m e s  ( O p p e r d o e s  e t  a l . , 1 9 8 4 ) .  The
3 8t o t a l  g l y c o s o m a l  v o lu m e  i s  t h e r e f o r e  2 . 4 8 4  x 108^m / I  x 10 c e l l s .
The c o n c e n t r a t i o n  o f  NAD+ w i t h i n  t h e  g ly c o s o m e  a e r o b i c a l l y  w o u ld  t h u s  
be:
0 . 9 1 7 n m o l / 2 . 4 7 4  x 108^m3 = 3.69mM
an d  o f  NADH w o u l d  be :
0 . 4 0 3 n m o l / 2 . 4 8 4  x l O ^ m 3  = 1.62mM.
A n a e r o b i c a l l y  t h e  v a l u e s  w o u l d  become 1.02mM f o r  NAD+ an d  4.29mM f o r  
NADH.
3 )  The t h i r d  p o s s i b i l i t y ,  p r o p o s e d  by V i s s e r  e t  a l .  ( 1 9 8 1 )  i s  t h a t  
a p p r o x i m a t e l y  25% o f  t h e  t o t a l  c e l l u l a r  m e t a b o l i t e s  a r e  s i t u a t e d  
w i t h i n  t h e  g l y c o s o m e .  The i n t r a g l y c o s o r a a l  c o n c e n t r a t i o n s  w o u ld  t h e n  
b ec o m e :
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A e r o b i c a l l y  NAD+ = 0.92mM 
NADH = 0.405mM
an d  a n a e r o b i c a l l y  NAD+ = 0.255mM
NADH = 1 . 070mM.
F i g u r e  50:  The c a l c u l a t i o n  o f  i n t r a g l y c o s o m a l  c o n c e n t r a t i o n s  o f  «-GP
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1 )  V i s s e r  an d  O p p e r d o e s  ( 1 9 8 0 )  s t a t e  t h a t  t h e  i n t r a c e l l u l a r  
c o n c e n t r a t i o n s  o f  <*-GP a r e  0 . 8 9 p m o l / g  w e t  w e i g h t  a e r o b i c a l l y  a n d  
3 . 6 0 p m o l / g  w e t  w e i g h t  a n a e r o b i c a l l y .  I t  h a s  b e e n  c a l c u l a t e d  d u r i n g  
t h i s  w o rk  t h a t  l g  w e t  w e i g h t  r e p r e s e n t s  a p p r o x i m a t e l y  2  x 1 0 ^  c e l l s .  
F o r  t h e  c a s e  w h e r e  a -GP i s  f r e e l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  c e l l  
( P a t t h e y  a n d  D e s h u s s e s ,  1 9 8 7 ) ,  t h e  volume o f  1 t r y p a n o s o m e  i s  t a k e n  a s
o
58pm ( O p p e r d o e s  e t  a l . , 1 9 8 4 ) .  Thus  t h e  c o n c e n t r a t i o n  o f  <*-GP 
a e r o b i c a l l y  i s ,
0 . 8 9 p m o l / 2  x 1 0 1 0  c e l l s
= 0 . 8 9 p m o l / 2  x 1 0 ^  x 58p m3
= 0 . 8 9 p m o l / l . 1 6  x 1 0  3  l i t r e
= 7 6 7 p m o l / l i t r e
= 0 . 7 6  7mM.
an d  s i m i l a r l y ,  a n a e r o b i c a l l y ;
3 . 6 0 p  m o l / 2  x 10*^ c e l l s
= 3 . 102mM.
2 )  I f  « -G P was c o n f i n e d  t o  t h e  g l y c o s o m e ,  a s  p r o p o s e d  by O p p e r d o e s  an d  
B o r s t  ( 1 9 7 7 )  t h e  c a l c u l a t i o n  w o u ld  become,  a e r o b i c a l l y ;
168
0 . 8 9 p m o l / 2  x 1 0 ^  c e l l s  
= 0 . 8 9 p m o l /2  x 1 0 10  x 0 . 0 1 0 8  x 230pm3 
= 1 7 . 900mM 
an d  a n a e r o b i c a l l y
3 . 6 0 p m o l / 2  x 1 0 ^  c e l l s  
= 7 2 . 600mM.
3 )  I n  t h e  s i t u a t i o n  w h e r e  o n l y  25Z o f  t o t a l  a-GP i s  c o n f i n e d  w i t h i n  t h e  
g l y c o s o m e ,  t h e  i n t r a g l y c o s o m a l  c o n c e n t r a t i o n  becomes a p p r o x i m a t e l y  
4.480mM a e r o b i c a l l y  a n d  18.120mM a n a e r o b i c a l l y .
F i g u r e  51:  The c a l c u l a t i o n  o f  i n t r a g l y c o s o m a l  c o n c e n t r a t i o n s  o f  DHAP
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1) V i s s e r  a n d  O p p e r d o e s  ( 1 9 8 0 )  d e t e r m i n e d  t h a t  t h e  i n t r a c e l l u l a r  
c o n c e n t r a t i o n  o f  DHAP i s  1 . 2 1 p m o l / g  w e t  w e i g h t  a e r o b i c a l l y  an d
0 . 5 2 p m o l / g  w e t  w e i g h t  a n a e r o b i c a l l y .  As l g  w e t  w i e g h t  h a s  b ee n
e s t i m a t e d  a s  2 x 1 0 ^  c e l l s  a n d  t h e  volume o f  one  t r y p a n o s o m e  a s
3 . . . .58pm , t h e  c o n c e n t r a t i o n  o f  DHAP i f  f r e e l y  d i s t r i b u t e d  t h r o u g h o u t  t h e
c e l l  ( P a t t h e y  a n d  D e s h u s s e s ,  1 987)  w o u ld  be:
i n 3
A e r o b i c a l l y  DHAP = 1 . 2 1 p m o l / 2  x 10 x  58pm 
= 1 . 043mM
10 3an d  a n a e r o b i c a l l y  DHAP = 0 . 5 2 p m o l / 2  x 10 x 58pm
= 0.448mM.
2)  I f  DHAP w e r e  c o n f i n e d  t o  t h e  g ly c o s o m e  a s  s u g g e s t e d  by O p p e r d o e s  
and  B o r s t  ( 1 9 7 7 ) ,  t h e  c a l c u l a t i o n  w o u ld  become:
10 3
A e r o b i c a l l y  DHAP = 1 . 2 1 p m o l / 2  x  10 x 230 x 0 .0108p m
= 2 4 . 400mM
10 3and a n a e r o b i c a l l y  DHAP = 0 . 5 2 p m o l / 2  x 10 x 230 x 0 .010 8p m
= 10.48mM
3i f  t h e  vol um e o f  one  g ly c o s o m e  i s  0 .010 8p m an d  t h e r e  a r e  an  a v e r a g e  o f  
230 p e r  c e l l  ( O p p e r d o e s  e t  a l . , 1 9 8 4 ) .
3)  I f ,  a s  s u g g e s t e d  by V i s s e r  e t  a l .  ( 1 9 8 1 ) ,  25% o f  t h e  t o t a l  c e l l u l a r  
DHAP i s  c o n f i n e d  t o  t h e  g l y c o s o m e ,  t h e  i n t r a g l y c o s o m a l  c o n c e n t r a t i o n s  
become 6.089mM a n d  2.617mM a e r o b i c a l l y  and  a n a e r o b i c a l l y  r e s p e c t i v e l y .
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The ratio o f glycerol to pyruvate produced by T. brucei incubated with glucose at various oxygen tensions 
has been used as an index o f the aerobic and anaerobic pathways o f glucose metabolism. A minimal model 
is presented which fits the observed data. The value o f the notional K  o f the aerobic/anaerobic transition 
from the model is close to that o f the Km o f trypanosomal glycerophosphate oxidase. The anaerobic pathway 
appears to be almost completely inoperative at oxygen tensions in the range o f those found in venous and
arterial blood.
Trypanosoma brucei Glucose Glycolysis Oxygen Glycerol Pyruvate
1. INTRODUCTION
African trypanosomes of the brucei group 
undergo a complex life cycle involving the salivary 
glands and midgut of the insect vector and the 
bloodstream of the mammalian host. The 
bloodstream form of these trypanosomes has 
neither lipid nor carbohydrate reserves, nor does 
the mitochondrion possess a competent citric acid 
cycle. Glucose is the most important nutrient for 
these cells and the major and perhaps sole energy- 
yielding metabolic pathway is glycolysis (review 
[1]). Bloodstream trypanosomes contain no lactate 
dehydrogenase [2] and the NADH formed in the 
glyceraldehyde phosphate dehydrogenase step is 
reoxidized to NAD via a 3GP shunt [3] involving 
NAD-linked 3GP dehydrogenase which is localized 
in the glycosome [4] and mitochondrial 3GP ox­
idase [5].
Thus under aerobic conditions glucose is 
metabolized almost completely to pyruvate, ap­
prox. 2 mol pyruvate being produced per mol
Abbreviations: 3GP, L-glycerol-3-phosphate; DHAP, 
dihydroxyactone phosphate; P 0 2 , partial pressure o f  
oxygen
glucose [6-9]. Under anaerobic conditions or in 
the presence of an inhibitor of 3GP oxidase, such 
as salicylhydroxamic acid [8], glucose is metabo­
lized to equimolar quantities of glycerol and 
pyruvate [6-9].
We wished to assess the relative importance of 
the aerobic and anaerobic pathways of glucose 
metabolism in trypanosomes in vivo; i.e., in the 
bloodstream of the mammalian host. However, 
the free oxygen concentrations of venous and 
arterial blood do not correspond to those of total 
anaerobiosis and aerobiosis. To learn more about 
the nature of the aerobic/anaerobic transition we 
investigated the dependence on O2 concentration 
of the ratio of glycerol to pyruvate produced by 
these cells at oxygen tensions in the physiologically 
significant range which is intermediate to the ex­
tremes of full aerobiosis and anaerobiosis.
2. EXPERIMENTAL
Enzymes and cofactors were obtained from 
Sigma, London. All other chemicals were of 
Analar grade.
Cells of the long slender form of T. brucei were 
isolated from the blood of 250 g Wistar rats 71 h
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after infection with 107 cells of strain MITat 1.1 
(obtained from Dr H .P. Voorheis of Trinity Col­
lege Dublin) by intraperitoneal injection. The cells 
were separated from blood components by cen­
trifugation (600 X g) for 10 min at 4°C and further 
purified on a short column of DEAE cellulose in 
isotonic phosphate-buffered saline (pH 8.0) con­
taining 10 mM glucose (Buffer A), as described by 
Lanham and Godfrey [10]. Cell counts were per­
formed on a Neubauer haemocytometer. Glycerol 
and pyruvate were estimated in the same assay, 
from extent of NADH oxidation in the presence of 
lactate dehydrogenase, pyruvate kinase, phospho- 
e/7 0 /pyruvate and ATP. Glycerol kinase was added 
last for the determination of glycerol [11]. The 
assays were performed in triplicate and were stand­
ardized by using glycerol/pyruvate solutions of 
known concentration. Glucose was determined by 
using hexokinase and glucose-6-phosphate dehy­
drogenase as in [11].
Incubations at various oxygen tensions were car­
ried out at 37°C in RPMI medium 1640 or in 
RPMI salts medium, initial pH 8.1, incorporating 
150 mg% bovine serum albumin. These media 
have been shown to be capable of maintaining 
glycolysis and cell motility of T. brucei over the 
time periods used [9]. Seventy-five ml of the 
medium was equilibrated with the appropriate 
N2 /O 2 mixture in a 3-necked flask fitted with a gas 
inlet/outlet tube, probe type oxygen electrode 
(L.H. Fermentation, Model 507) and a rubber sep­
tum through which a large-bore syringe needle was 
inserted below the surface of the medium. The gas 
mixture, prehumidified by prior passage through 
water, was bubbled through the medium via a 
sintered tube at 200 ml/min. Oxygen concentra­
tion was monitored continuously and did not vary 
by more than ± 2 mmHg P 0 2  during the incuba­
tions. Cells were introduced through the needle to 
give a final concentration of 2 X 107 cells/ml. At 
predetermined times 1-ml samples were withdrawn 
via the needle. A small amount was retained for 
cell count and the remainder quickly spun in a 
microfuge; this operation took less than 90 s. The 
cell-free supernatant was assayed for glycerol and 
pyruvate. In some experiments glucose was also 
assayed to confirm that the sum of glycerol and 
pyruvate could account for the glucose consumed. 
Metabolic competence of the cells in the 
withdrawn samples was confirmed by measuring
the respiration rates in Buffer A using a Clark ox­
ygen electrode.
3. RESULTS AND DISCUSSION
3.1. Glycerol and pyruvate production 
Sample results for three oxygen tensions are
shown in fig.l. It can be seen that the rate of pro­
duction of glycerol plus pyruvate is about the same 
at all P 0 2  values and that glycerol is produced at all 
oxygen tensions. Under anaerobic conditions 
glycerol and pyruvate are produced at roughly 
equal rates, glycerol production slightly exceeding 
that of pyruvate. At higher P 0 2  values pyruvate is 
the major product but there is also a small but 
significant rate of glycerol production.
The ratio glycerol: pyruvate in the medium after 
60 min incubation is plotted against P 0 2  in fig.2, 
this ratio being a convenient way of expressing the 
relative involvement of the aerobic and anaerobic 
pathways of glucose metabolism. The ratio is in­
dependent of cell count and also of sampling time 
between 30 and 75 min. As seen in fig.2 the 
glycerol: pyruvate ratio remains constant at ap­
prox. 0.1 from a P 0 2  of 160 mmHg down to below 
40 mmHg from which it rises to a limiting value of 
approx. 1 under anaerobic conditions.
3.2. Analysis o f  the aerobic /anaerobic transition 
At high oxygen tensions the 3GP shunt operates
between the glycosome and the mitochondrion and 
provides a means for regenerating the DHAP 
reduced by NADH. Thus the equivalent of both 
triose phosphates can be converted to pyruvate 
resulting in 2 mol pyruvate per mol glucose. Under 
anaerobic conditions the 3GP shunt is inoperative. 
The DHAP reduced to 3GP cannot be regenerated 
and the 3GP is dephosphorylated and excreted 
from the cell as glycerol in a 1:1 ratio with 
pyruvate.
This scheme can be described by the following 
minimal model:
glucose -I- O2 — * 2 pyruvate + H2O (1)
glucose — * pyruvate + glycerol (2)
where (1) and (2) represent the aerobic and 
anaerobic pathways, respectively.
Let V = rate of pyruvate production via pathway
(1) under total aerobiosis, and v = rate of pyruvate
24
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M I N U T E S
F ig .l. Glycerol and pyruvate production from T. brucei. For details see text. Po2: 0 mmHg (A); 16 mmHg (B); 
160 mmHg (C). (Glycerol) + (pyruvate) (■); (glycerol) (•); pyruvate (O).
production via pathway (1) under partial 
aerobiosis.
It is reported [8] and we have confirmed that 
bloodstream trypanosomes utilize glucose at about 
the same rate under aerobic or anaerobic condi­
tions. This holds also at intermediate oxygen ten­
sions. Thus ( V -  v)/2 = rate of glycerol (or 
pyruvate) production via pathway (2) at any level 
of aerobiosis.
As the total rate of production of glycerol plus 
pyruvate is constant it therefore follows that
 (glycerol)   V -  v
(glycerol) + (pyruvate) 2 V
and
(glycerol) = V -  v 
(pyruvate) V + v
If we assume that the rate of pyruvate production 
via pathway (1) follows a Michaelian dependence 
on 0 2 concentration:
v = J L ° i)
K  + (02)
where K  is a notional K m of the aerobic pathway 
for oxygen, then by substitution into (3) we obtain
f \ =  * (4)1 '  K  + 2 (02)
Eqn 4 tends to zero at high O2 concentrations and 
becomes unity when (O2) = 0.
In fact we find that small but significant 
amounts of glycerol in excess of that predicted by 
theory are produced at all levels of aerobiosis, even 
when gassing with 95% oxygen. Glycerol: pyruvate 
ratios greater than one under anaerobic conditions
/ X M O L E S / 1 0 8 C E L L S  
1 7
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Fig.2. Ratio o f glycerol: pyruvate concentrations in the medium o f T. brucei incubated with glucose at various P0 2 . 
The procedure is described in the text. The points are experimental, the bars representing standard errors o f estimation. 
The curve is the best fit by least squares to the data o f glycerol/pyruvate =  K / ( K  + 2(02)) +  C; C = 0.09, K  = 3.6 ±
0.8 mmHg.
reported by other workers [7,13,14] were consis­
tent with our results. Under aerobic conditions 
glycerol: pyruvate ratios as low as 0.02 have been 
reported [6]; however, ratios as high as 0.24 and 
0.4 were obtained by Ryley [7,13] for T. rhode- 
siense and T. brucei. Similarly, values of 0.11 and 
0.1 were found by Grant and Fulton [6] and by 
Fairlamb and Bowman [15]. These latter workers 
ascribed the presence of glycerol in aerobic incuba­
tions to transient anaerobiosis experienced by the
cells during workup but this is unlikely to be the 
case in the present study. Insufficient information 
is available to speculate profitably on the failure of 
the accepted pathways of glucose catabolism to ac­
count for all the glycerol found. Whatever the 
cause, we have corrected for this constant amount 
of glycerol by modifying eqn 4 to:
K
K  + 2 (02)
+ C
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where C represents the effect of the ‘aerobic 
glycerol’ on the glycerol: pyruvate ratio; the equa­
tion was fitted to the data in fig.2.
4. CONCLUSION
Two conclusions can be drawn from these 
results. First, the value of K  obtained from the 
model is 3.6 ± 0.8 mmHg which corresponds to an 
oxygen concentration of 5 .0 /<M. This may be 
compared to values of Km in the range 2 -8  n M 
reported for 3GP oxidase in T. brucei and T. exan­
si [16]. We are aware of the difficulties pointed out 
by Fisher [17] involved in interpretation of Km 
values of intact cells. Nevertheless the close agree­
ment between the notional K of the aerobic 
pathway reported here and the Km of 
trypanosomal 3GP oxidase provides evidence for 
this enzyme as the control point in the 
aerobic/anaerobic transition and implies rate 
limitation at this point for the aerobic pathway at 
low oxygen tensions. This is consistent with the 
large increase in intracellular 3GP levels observed 
in T. brucei incubated with glucose under 
anaerobic conditions [18].
Secondly, the P 0 2  of arterial blood is 100 mmHg 
and that of venous blood is 40 mmHg [19] and our 
results show that the glycerol: pyruvate ratio re­
mains virtually constant in this range at a value of 
approx. 0.1. It thus appears that the anaerobic 
pathway of glucose metabolism of T. brucei has 
little if any physiological significance in the 
bloodstream of the mammalian host.
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